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data  is  much  needed  by  industry  and  government  equipment  designers  to 
enable  them  to  assess  their  equipments'  vulnerability  to  the  ESO  threat. 

This  document  was  prepared  as  part  of  the  Reliability  Analysis 
Center's  Technical  Reliability  Study  series  which  provides  the  user 
community  with  new  and  needed  information  in  the  field  of  electronic 
device  reliability. 

Credit  must  be  given  to  NASA  (Code  DR)  and  Naval  Sea  Systems 
Command  (Code  06C31)  for  their  continued  support  in  identifying  and 
funding  ESD  research  studies,  ultimately  making  documents  such  as  this 
possible. 
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INTRODUCTION 

When  trying  to  assess  the  real  Impact  on  reliability  caused  by 
electrostatic  discharge  (ESO) ,  system  analysts  often  wonder  to  what 
extent  this  failure  mechanism  manifests  itself  on  the  ultimate  system 
reliability.  This  is  very  difficult  to  ascertain  due  to  the  nature  of 
the  failure  mechanisms  involved.  Actual  failures  due  to  ESD  are  not 
easily  identified  and  verified  without  costly  and  time-consuming  failure 
analysis.  Furthermore,  there  are  many  variables  which  play  important 
roles  in  this  potential  danger  to  components  and  systems  which  are  not 
fully  understood.  Potential  ESD  damage  is  indeed  a  reliability 
constraint  and  should  be  treated  accordingly.  It  does,  however,  differ 
from  traditional  reliability  limiting  factors.  For  example,  thermal 
stress  in  microcircuits  is  fairly  well  understood,  i.e.,  the  reliability 
impact  on  a  component  can  be  easily  determined  by  knowing  the  thermal 
environment  in  which  the  component  is  to  operate.  However,  ESD  is  not 
that  predictable.  It  is  considered  a  random  occurrence  and  hence  makes 
it  difficult  to  correlate  to  physical  parameters.  In  order  to  assess 
the  likelihood  of  ESD  damage  to  a  component  it  is  necessary  to  evaluate 
two  relevant  factors:  first,  what  is  the  frequency  and  level  of  ESD 
pulses  to  which  the  part  may  be  subjected  during  production,  storage  and 
use,  and,  second,  what  is  the  ESD  susceptibility  of  the  part,  i.e., 

pulse  voltage  levels  above  which  the  part  can  be  damaged? 

This  document  is  intended  to  make  available  to  the  reliability 

engineering  community  ESD  susceptibility  data  which  has  already  been 
documented.  This  will  help  the  designer  obtain  some  idea  of  actually 

how  sensitive  the  components  are  which  he  is  designing  into  his 
equipment.  It  will  assist  him  in  selecting  those  components  and  those 
component  vendors  whose  parts  are  less  susceptible  to  ESD.  It  will  also 
help  identify  areas  where  additional  board  level  protective  circuitry 
may  be  necessary.  Knowing  the  part's  ESD  susceptibility  will  allow  him 
to  make  intelligent  tradeoffs  between  different  design  approaches 


relative  to  the  required  circuit  functions  and  parameters.  He  will  also 
be  better  able  to  evaluate  total  circuit  costs  and  performance  vs 
ultimate  circuit  ESD  susceptibility.  An  additional  benefit  will  be  to 
help  identify  those  production  areas  where  additional  controls  are 
needed  to  combat  the  potential  failures  caused  by  ESD  and  to  set  up  a 
continuing  ESO  control  program. 
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SECTION  1 


Device  Susceptibility 
and 

Susceptibility  Testing 


INTRODUCTION 


The  intent  of  the  following  section  is  not  to  present  an  exhaustive 
treatment  on  the  subject  of  electronic  devices  susceptibility  to 
electrostatic  discharge  but  rather  to  present  the  reader  with  an 
overview  of  various  phenomena  of  ESO  susceptibility  and  how  it  relates 
to  the  data  and  the  limitations  of  the  data  which  is  contained  in  this 
book . 

Various  failure  mechanisms  normally  associated  with  electrical 
overstress  (EOS)  and  electrostatic  discharge  will  be  presented  along 
with  a  discussion  of  ESD-induced  latent  failures,  which  has  recently 
become  an  area  of  major  concern.  Also,  various  discharge  models  will  be 
presented  which  simulate  different  situations  in  which  a  device  can  be 
damaged  by  ESD  and  how  testing  using  these  simulation  techniques  can  be 
carried  out. 

FAILURE  MECHANISMS 

Various  EOS/ESO-activated  failure  mechanisms  can  occur  within 
microelectronic  and  semiconductor  devices.  These  failure  mechanisms 
include: 

(a)  Dielectric  Breakdown 

(b)  Thermal  Secondary  Breakdown 

(c)  Metallization  Melt 

(d)  Gaseous  Arc  Breakdown 

(e)  Surface  Breakdown 

(f)  Bulk  Breakdown 

Some  of  these  failure  mechanisms  are  voltage-dependent  and  others 
are  power  or  energy-dependent.  The  first  four  mechanisms  are  the 
predominant  ones  associated  with  ESD  and  usually  are  associated  with 
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specific  component  types  and  constituent  elements  within  these 
components.  Therefore,  we  will  examine  these  four  more  closely. 

Dielectric  Breakdown 


Dielectric  breakdown  occurs  in  MOS  components  when  the  voltage 
across  the  oxide  exceeds  its  dielectric  breakdown  strength.  The  single 
most  important  factor  in  this  breakdown  is  the  oxide  thickness:  the 
thinner  the  oxide  the  more  susceptible  the  device  is  to  damage. 
Permanent  damage  results  when  the  oxide  strength  is  exceeded.  This 
results  in  a  punch-through  and  leaves  a  low  resistance  short.  The 
actual  failure  is  usually  precipitated  by  a  pin  hole  or  other  weakness 
in  the  oxide  where  the  actual  punch-through  takes  place. 

This  failure  mechanism  can  also  manifest  itself  in  those  bipolar 
monolithic  integrated  circuits  having  metallization  runs  over  active 
semiconductor  regions  separated  by  a  field  oxide.  This  field  oxide 
creates  a  parasitic  MOS  transistor  in  the  bipolar  device  and  it  can  also 
be  shorted  as  previously  described. 

For  very  short  duration  pulses  (i.e.,  those  with  very  small  source 
resistance  and/or  capacitance)  some  lattice  damage  could  occur  in  the 
dielectric,  resulting  in  a  lower  breakdown  threshold  voltage  for  sub¬ 
sequent  pulses. 

This  failure  mechanism  is  voltage-dependent.  The  energy  required 
to  cause  the  plasma  arc  (or  punch-through)  is  relatively  small,  but  the 
voltage  must  be  high  enough  to  precipitate  the  initial  breakdown. 

Thermal  Secondary  Breakdown  or  Junction  Burnout 

Bipolar  junctions  are  prone  to  damage  via  junction  burnout.  The 
semiconductor  material  in  a  PN  junction  normally  has  a  positive 
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temperature  coefficient  at  relatively  low  temperatures  (i.e.,  the 
resistance  increases  as  the  temperature  increases).  As  a  pulse  is 
applied  (in  the  reversed  bias  direction)  the  junction  dissipates  heat  in 
the  very  narrow  depletion  region  of  the  junction  and  thus  its 
temperature  increases  rapidly.  (A  junction  in  the  forward  biased 
direction  is  normally  at  least  an  order  of  magnitude  less  susceptible 
due  to  the  fact  that  more  energy  can  be  dissipated  in  the  bulk 
material.)  If  enough  energy  is  applied,  the  temperature  of  the  junction 
will  reach  a  point  at  which  the  temperature  coefficient  of  the  silicon 
becomes  negative  (i.e.,  an  increase  in  temperature  results  in  a  decrease 
in  resistance)  and  in  turn  hot  spots  are  formed  since  the  entire  area  of 
the  junction  is  not  perfectly  uniform.  This  is  thermal  second 
breakdown,  a  thermal  runaway  condition  which  eventually  results  in 
junction  melting  when  the  melting  temperature  of  silicon  (1415°C)  is 
reached  in  the  localized  area.  If  additional  energy  is  available  after 
the  initiation  of  the  silicon  melting,  the  hot  spot  can  grow  into  a 
filament  short.  The  longer  the  pulse  the  wider  the  filament  short  will 
be.  After  the  occurrence  of  the  transient,  the  silicon  resolidifies. 
If  a  relatively  short  pulse  is  applied  a  hot  spot  can  form  but  it  does 
not  grow  completely  across  the  junction.  This  condition  may  not 
manifest  itself  immediately  as  a  junction  short  but  may  appear  at  a 
later  time  as  a  result  of  electromigration. 

JFET  and  Schottky  devices  are  particularly  susceptible  to  this  type 
of  failure  mechanism.  In  Schottky  devices,  the  barrier  metal  is  readily 
available  to  form  the  shorting  filament. 

Thermal  secondary  breakdown,  or  junction  burnout,  is  a  power- 
dependent  failure  mechanism  rather  than  voltage-dependent. 

Metallization  Melt 


Metallizations  on  substrates  are  susceptible  to  damage  from  EOS/ESD 
pulses.  Their  cross-sectional  areas  are  small  and  thus  they  have 
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limited  current-carrying  capability.  When  a  junction  melt  occurs  and  a 
filament  short  forms,  joule  heating  occurs  in  the  associated 
metallization  runs.  This  can  cause  subsequent  melting  of  the  metal  If 
enough  energy  is  available  during  the  pulse.  This  failure  mechanism  Is 
more  susceptible  to  short-duration,  high-current  pulses  since  the  only 
available  heat  sink  (the  bonding  pads)  is  nearby  and  the  heat  dissipated 
in  the  metallization  does  not  have  time  to  flow  to  the  surrounding  area. 
Metallization  melt  is  also  a  power  (or  energy)  dependent  failure 
mechanism. 

Gaseous  Arc  Breakdown 

EOS/ESD-induced  gaseous  arc  discharge  inside  the  package  can  cause 
degradation  of  LSI  and  memory  ICs  with  passivation/active  junction 
interfaces.  This  is  caused  by  surface  inversion  resulting  from  the 
positive  ions  deposited  on  the  chip  surface  as  a  result  of  the  gaseous 
discharge.  Packages  with  nonconducting  lids,  which  can  become  electro¬ 
statically  charged,  are  especially  susceptible  to  this  phenomenon.  A 
special  case  of  this  is  ultraviolet  EPROMs.  Due  to  their  transparent 
quartz  lids  such  failures  can  be  annealed  by  neutralizing  these  positive 
charges  with  ultraviolet  light  transmitted  through  the  quartz  lid. 

The  gaseous  arc  breakdown  is  a  voltage-dependent  failure  mechanism. 

Cautions  Regarding  Failure  Mechanisms 

Although  given  failure  mechanisms  are  usually  associated  with 
specific  technologies,  it  is  erroneous  to  assume  a  given  failure 
mechanism  simply  by  knowing  the  technology  of  a  given  part.  Thorough 
failure  analysis  of  each  failure  is  a  prerequisite  to  a  true 
understanding  of  EOS/ESO  failures. 

For  example:  an  MOS  microcircuit  can  be  destroyed  by  dielectric 
breakdown  of  one  of  its  transistors.  However,  for  MOS  microcircuits. 


dielectric  breakdown  cannot  automatically  be  assumed  to  be  the  failure 
mechanism.  The  device  input  protection  circuit  is  actually  bipolar  in 
nature  and  is  designed  to  limit  the  voltage  which  the  MOS  transistor 
sees  to  a  level  below  its  breakdown.  Likewise,  linear  bipolar 
integrated  circuits  such  as  op  amps  often  have  internal  MOS  capacitors 
for  frequency  compensation.  These  MOS  capacitors  fail  due  to  dielectric 
breakdown. 

This  makes  it  very  difficult  to  assume  a  particular  failure 
mechanism  for  a  device  based  simply  on  its  generic  technology  without 
extensive  failure  analysis.  A  discussion  of  ESD  failure  analysis 
procedures  is  beyond  the  scope  of  this  document.  However,  if  literature 
on  this  subject  is  required,  it  is  suggested  that  reference  36  and  37  be 
consulted  for  an  extensive  treatment  of  this  topic. 

ESD-INDUCED  LATENT  FAILURES 


ESD-induced  latent  failures  are  subsequent  device  failures  which 
occur  prematurely  as  a  result  of  that  device's  previous  exposure  to  an 
ESD  transient.  These  types  of  failures  have  recently  become  of  major 
concern  since  it  has  not  been  known  to  what  extent  the  long-term 
reliability  of  a  device  is  impacted  by  exposure  to  an  electrostatic 
discharge.  Some  of  the  questions  which  arise  when  addressing  the  topic 
of  latent  failures  are: 

(1)  What  part  types  are  susceptible  to  ESD-induced  latent 
failures? 

(2)  What  are  the  time-dependent  failure  mechanisms  for  these  part 
types? 

(3)  How  does  cumulative  pulsing  at  sub-threshold  levels  affect 
this  susceptibility? 
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(4)  Even  If  a  device  remains  in  spec  after  an  ESD  pulse  but  still 
experiences  a  parametric  shift,  what  effect  could  this  have  on 
a  higher  assembly  level  of  equipment? 

There  have  been  various  studies  addressing  the  subject  of  ESD- 
induced  latent  failures  (Refs.  3,  4,  5,  6,  7,  8,  9,  12,  13  14).  Most  of 
these  studies  did  not  support  the  reality  of  ESD-induced  latent 
failures.  However,  a  recent  study  (Ref.  13)  designed  specifically  to 
determine  if  ESD-induced  latent  failures  are  a  reality  has  given  valid 
indications  of  their  existence.  Much  larger  sample  sizes  were  used  to 
Increase  the  chances  of  latency  detection. 

This  study  consisted  of  stressing  a  sanpling  of  devices  in  varying 
degrees,  selecting  those  devices  which  were  marginally  out  of 
specification,  observing  the  critical  parameters  of  these  devices  during 
life  test,  and  then  comparing  these  samples  with  a  control  sample  of 
unstressed  devices.  Two  devices  were  tested:  the  3N128  MOS  FET  and  the 
54L04  low  power  TTL  hex  inverter.  The  preliminary  study  of  this  effort 
indicated  a  higher  propensity  for  subsequent  failures  to  occur  on  a 
device  with  latent  gate  oxide  damage.  Samples  of  each  device  were 
stressed  using  single  and  multiple  pulses  over  a  range  of  voltages. 
Devices  which  were  degraded  severely,  moderately,  slightly,  or  not  at 
all  were  then  life  tested  and  compared  to  the  control  sample. 

In  general,  both  the  3N128  and  54L04  device  samples  that  were  not 
degraded  remained  stable  during  subsequent  life  test.  Some  of  the  3N128 
devices  which  were  marginally  degraded,  as  indicated  by  a  slight  (in 
spec)  upward  shift  In  Vq$  (off),  after  multiple  (200)  pulses  saw  this 
same  parameter  decrease  again  during  subsequent  life  test.  One  of  these 
devices  resulted  in  a  definite  out-of-spec  condition  at  840  hours  of 
operation  at  75°C  and  another  device  appeared  to  be  headed  in  the  same 
direction.  Those  3N128s  which  were  marginally  degraded  after  only  a 
single  pulse  exhibited  a  fairly  stable  Vqs  (off)  during  the  subsequent 


life  test.  The  3N128  transistors  which  were  severely  degraded,  Vq$S 
(off)  out-of-spec  or  exhibited  a  large  shift  in  IQSSR  remained  fairly 
stable  during  subsequent  life  tests. 

Of  the  54104s  which  were  degraded,  the  majority  were  out-of-spec  by 
an  order  of  magnitude,  so  that  samples  of  devices  only  marginally 
degraded  were  not  available.  However,  a  number  of  devices  which  failed 
in  a  stuck-high  condition  exhibited  additional  degradation  during  the 
life  test.  This  occurred  with  both  single  and  multiple  pulsed  devices. 

The  results  of  these  tests  indicate  that  latent  failures  are  indeed 
a  reality.  It  concludes  that  latent  failures  can  occur  in  both  field 
effect  devices  and  bipolar  devices  and  that  such  defects  are  also 
dependent  upon  the  number  of  pulses  and  the  level  of  damage  that  the 
device  sustained.  It  also  indicates  that  the  failure  voltage 
susceptibility  level  of  a  device  does  not  necessarily  correlate  with  the 
latent  damage  susceptibility  level  of  the  device.  For  example,  the 
54L04  is  a  relatively  insensitive  device  to  catastrophic  damage  but 
seems  to  be  quite  susceptible  to  latent  damage. 

There  are  still  many  questions  to  be  answered  concerning  ESD- 
induced  latent  failures  such  as: 

(1)  What  factors  or  parameters  of  a  device  are  latent  degradation 
mechanisms  dependent  on? 

(2)  How  can  the  long-term  reliability  be  predicted  where  a  part 
may  experience  an  ESD  pulse  during  usage? 

(3)  What  effect  does  stressing  a  device  with  different  models  have 
on  its  propensity  for  latent  failure? 

There  are  at  present  no  known  methods  for  screening  out  potential 
latent  ESD  failures,  and  this  indicates  a  need  for  further  investigation 
and  evaluation  of  this  very  subtle  failure  mode. 


TESTING  MODELS  AND  TECHNIQUES 


Introduction 


Various  models  exist  which  attempt  to  duplicate  the  type  of 
discharge  that  can  occur  during  actual  handling  and  operational 
conditions.  Each  of  the  models  presented  here  represents  a  different 
situation  In  which  electronic  devices  can  be  damaged  by  static 
electricity. 

Although  all  of  these  models  duplicate  a  different  discharge 
situation,  it  is  still  the  high-amplitude,  short-duration  electrostatic 
discharge  pulse  which  eventually  can  cause  the  destruction  of  electronic 
components.  Along  with  the  peak  voltages  and  currents  incurred  in  a 

device,  it  has  been  shown  in  the  generalized  Wunsch-Bell  electrical 
overstress  model  (Reference  28)  that  the  pulse  duration  (t)  is  of  prime 
importance  in  determining  the  power  to  failure  of  a  bipolar  junction. 
The  power  to  failure  is  in  the  following  general  form  for  different 

pulse  widths  (See  Figure  1). 

t  <  0.1  ns  P  =  Kt-1 

0.1  <  t  <  100  ms  P  =  Kt-** 

t  >  100  ms  P  =  Kt°  *  K 

The  P  3  Kt"l  region  corresponds  to  a  situation  in  which  the  pulse 
is  of  a  short  enough  duration  such  that  an  adiabatic  condition  exists. 
That  is,  the  pulse  duration  is  shorter  than  the  time  it  takes  the  heat 
dissipated  near  the  junction  to  spread  to  surrounding  areas.  The  P  * 
Kt-**  region  corresponds  to  a  semladiabatic  situation  in  which  the  pulse 
width  is  long  enough  to  allow  some  heat  to  diffuse  into  the  surrounding 
areas.  In  the  P  =  Kt°  region,  the  pulse  width  is  sufficiently  long  to 
allow  the  heat  to  dissipate  to  surrounding  areas  at  a  constant  rate 

while  the  pulse  is  occurring.  K  in  the  above  equations  is  a  constant 


,  .  'ifliU 


dependent  on  the  following  device  parameters:  thermal  conductivity, 
density,  specific  heat,  and  the  melting  point  of  the  semiconductor 
material . 

Electrostatic  discharge  pulse  widths  are  normally  in  the  P  *  Kt“*s 
region.  This  is  evidenced  by  the  0.75  ns  pulse  width  associated  with 
the  discharge  from  a  100  pF,  1500  ohm  standard  human  body  model.  These 
values  have  been  found  to  be  reasonable  for  typical  human  bodies. 
However,  if  testing  on  a  part  is  done  with  a  very  low  series  resistance 
(i.e.,  less  than  200  ohm)  and/or  a  low  capacitance,  the  pulse  width  is 
sufficiently  short  to  put  the  relationship  of  failure  power  and  pulse 
width  in  the  P  =  Kt_l  region.  It  is  also  true  that  if  very  large 
resistances  and/or  capacitances  are  used,  the  failure  power  and  pulse 
width  relationship  may  be  in  the  P  =  Kt°  region.  The  plot  of  relative 
failure  power  as  a  function  of  pulse  width  is  depicted  approximately  in 
Figure  1.  Since  the  energy  to  failure  is  the  integral  of  the  power  to 
failure,  the  pulse  width  and  associated  energy  to  failure  is: 

t  <  .1  ns  E  =  Kto  =  k 

.  1  ns  <  t  <  100  (is  E  =  Kt*s 

t  >  100  j/s  E  =  Kt1 

The  failure  mechanisms  modeled  by  this  kind  of  pulse  width 
dependency  are  power  or  energy-related  mechanisms,  such  as  thermal 
secondary  breakdown. 

The  theoretical  waveform  for  all  discharge  models  presented  here  is 
decaying  exponential  (Figure  2)  with  the  pulse  width  (RC)  and  peak 
current  depending  on  the  source  resistance  and  capacitance  and  on  the 
capacitor  voltage. 

For  a  double  exponential  decay  pulse  (one  time  constant  t  *  RC), 
ninety-nine  percent  of  the  energy  will  be  dissipated  in  5  time 
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constants.  Therefore,  the  pulse  width  for  the  Wunsch-Bell  model  is 
assumed  to  be  5t  (=t).  Since  the  Wunsch-Bell  model  is  based  upon 
empirical  square  wave  data  utilized  for  EMP  assessments,  it  is  an 
approximation  to  convert  to  ESD  levels  using  this  model.  This  will  be 
addressed  in  detail  in  the  Data  Conversion  Methods  section.  However, 
since  the  relationship  of  power  vs  pulse  width  is  also  an  approximation, 
the  validity  of  the  assumptions  seems  acceptable,  certainly  for  the  P  = 
t'H  time  domain. 

Human  Body  Model 

The  human  body  model  had  been  the  most  widely  used  and  standardized 
ESD  susceptibility  testing  model  to  date.  A  schematic  of  the  test 
fixture  of  this  model  is  shown  in  Figure  3  and  its  equivalent  circuit  in 
Figure  4  (Reference  25). 

Thts  model  simulates  a  situation  in  which  a  charged  person  or 
object  comes  in  contact  with  a  device  that  has  one  or  more  connections 
tied  directly  or  resistively  tied  to  ground. 

The  current,  voltage,  power  and  energies  are  easily  calculated  by 
knowing  the  source  capacitance  (C&)  and  source  resistance  (Rc).  The 
waveform,  as  in  all  discharge  models.  Is  theoretically  a  decaying 
exponential  (as  in  Figure  2)  with  the  pulse  width  depending  on  the 
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R  =  Charging  Resistor 

S  =  High  Voltage  Switching  Element 

=  Source  Body  Capacitance 

R  =  Source  Contact  Resistance 
c 

DUT  =  Device  Under  Test 
FIGURE  3:  HUMAN  BODY  MODEL  TEST  CIRCUIT 


BODY  PARAMETERS  DEVICE  PARAMETERS 


Cfj  =  Body  Capacitance 

Rc  =  Contact  Resistance 

V<j  =  Voltage  Drop  Across  Stressed  Junction 

R5  =  Device  Internal  Resistance 

Rct  =  Device  Contact  Resistance  to  Ground 

FIGURE  4:  HUMAN  BODY  MODEL  EQUIVALENT  CIRCUIT 
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resistance  and  capacitance.  Experimental  evidence  has  shown  that  the 
range  of  capacitance  of  a  human  body  is  normally  between  50  pF  and  200 
pF  and  the  range  of  resistances  is  1000  to  5000  ohms. 

Since  the  failure  voltage  of  electronic  devices  is  highly  dependent 
on  the  current  and  voltage  and  hence  the  resistance  and  capacitance,  it 
is  extremely  important  that  the  standard  values  be  employed  to  establish 
a  reference  by  which  all  test  data  can  be  adequately  compared.  Values 
of  100  pF  and  1500  ohms  are  the  ones  which  are  the  most  common.  These 
values  are  the  ones  which  are  called  out  in  DOD-STD-1686,  DOD-HDBK-263 
and  MIL-STD-883  Method  3015.1. 

As  we  have  already  shown,  the  power  and  energy  required  for  device 
failure  are  pulse-width  dependent,  and,  since  varying  the  values  of  R 
and  C  also  varies  the  pulse  width,  it  is  imperative  that  values  be 
chosen  which  adequately  model  the  real-world  situation.  Specifically, 
it  is  known  that  a  static  discharge  from  a  human  body  model  (with  a 
realistic  R  and  C)  is  in  the  P  =  Kt-Js  region  which  agrees  with  the  pulse 
width  of  the  100  pF,  1500  ohm  model.  Figure  5  depicts  the 

specifications  for  the  waveform  as  they  appear  in  MIL-STD-883  Method 
3015.1. 

As  will  be  seen  in  the  discussion  of  other  testing  methods,  the 
human  body  model  is  not  necessarily  the  one  which  will  best  duplicate 
the  failure  sites  in  microcircuits  in  various  stages  of  production, 
assembly,  handling,  field  use  and  repair. 

Recent  studies  have  developed  additional  theories  of  discharge 
which  simulate  situations  quite  different  than  that  portrayed  by  the 

human  body  model.  The  human  body  model  simulates  a  situation  where  a 
charged  person  or  object  comes  into  contact  with  a  pin  or  pins  of  a 
device  while  the  other  pin  or  pins  are  connected  either  directly  or 
resistively  to  ground.  However,  it  has  been  shown  by  several 
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1.  The  rise  time,  tr,  of  the  pulse  voltage,  V p,  shall  be 
measured  from  10%  to  90%  of  the  peak  amplitude,  Vpeak, 
and  shall  not  exceed  15  nanoseconds. 

2.  The  pulse  decay  across  R£  to  ground  shall  be  a  single  exponential 
waveform  whose  decay  time,  t^,  when  measured  between  Vpeak  and  36.8% 
Vpeak,  is  X  ±  10%,  or  150  ns. 

3.  For  initial  waveform  test  only  the  voltage  waveform 
will  have  the  following  characteristics:  Vp  =  50%  ±15% 

the  pulse  decay  time,  t^,  will  be  (Rj  +  R3)  X  or  300  ns. 


FIGURE  5:  MIL-STD-883  METHOD  3015.1  SPECIFIED  WAVEFORM 


17 


investigators  (References  30,  32)  that  the  human  body  model  discharge 
does  not  necessarily  duplicate  all  failure  modes. 


The  human  body  model  is  effective  in  testing  the  input  protection 
capability  of  a  device.  This  is  the  model  which  is  specified  in  the 
MIL-M-38510  slash  sheet  test  procedures  and  in  the  past  it  has  been  the 
most  widely  used  and  understood.  The  majority  of  test  data  presented  in 
this  publication  was  originally  recorded  utilizing  this  model.  However, 
the  source  resistance  and  capacitance  values  used  did  vary  widely. 
Therefore,  a  formula  was  derived  to  correlate  failure  threshold  voltages 
measured  utilizing  one  value  of  R  and  C  to  failure  threshold  voltages 
anticipated  utilizing  different  values  of  R  and  C.  See  Data  Conversion 
Methods  in  this  section  for  Nonstandard  Test  Data  Conversion  and 
Appendix  A  for  derivation  of  the  actual  conversion  formulae. 

Charged  Device  Model 

The  charged  device  model  assumes  a  charge  can  be  placed  on  the  lead 
frame  of  a  device  and  then  discharge  to  ground  through  one  or  more  of 
its  pins  through  a  very  low  resistance.  The  means  by  which  the  device 
can  accept  a  charge  is  through  its  capacitance.  This  capacitance  can 
vary  with  the  geometry  of  the  device  itself  and  on  the  device’s  relative 
orientation  to  ground  as  seen  in  Table  I  (from  Reference  30).  The 
device  capacitance  was  measured  for  each  orientation  with  the  device 
separated  from  the  ground  plane  by  a  thin  insulator.  Figure  7 
illustrates  the  test  set  up  as  explained  in  Reference  30.  The 
equivalent  circuit  is  in  Figure  6. 

One  way  this  charge  could  be  placed  on  the  device  is  by  sliding  it 
out  of  a  shipping  tube  onto  a  grounded  surface  (Reference  31).  This  is 
not  the  only  means  by  which  the  lead  frame  can  become  charged  but  may 
represent  a  very  common  occurrence.  The  sliding  motion  of  the  device  on 
the  plastic  tube  generates  a  triboelectric  charging  of  the  IC  pins  and 


C  .  =  device  capacitance  (as  shown  in 
d  Table  1) 

=  device  resistance 

L^  =  inductance  of  the  leads 

Rc  =  contact  resistance  to  ground 

6:  CHARGED  DEVICE  MODEL  EQUIVALENT  CIRCUIT 


FIGURE  7:  CHARGED  DEVICE  MODEL  TEST  FIXTURE 


lead  frame.  Since  the  lead  frame  is  conductive,  a  constant  charge 
density  results  (an  equipotential  surface)  due  to  the  capacitance  of  the 
device.  This  capacitance  coupled  with  the  charge  stored  on  the  device 
is  the  cause  of  the  potential  ESD  hazard.  Damage  from  the  charged 
device  model  assumes  a  very  low  resistance  to  ground  upon  device 
discharge.  This  results  in  a  high-amplitude,  short-duration  pulse.  In 
the  situation  where  a  device  slides  out  of  a  tube  and  contacts  a 
conducting  surface,  in  reality  the  surface  does  not  necessarily  have  to 
be  grounded  for  device  damage  to  occur  since  the  capacitance  of  the 
surface  may  be  much  higher  than  that  of  the  device  and,  hence,  capable 
of  accepting  most  or  all  of  the  charge  on  the  device. 

» 

The  capacitance  of  a  device  is  relatively  small  compared  to  that 
normally  used  to  model  a  human.  This,  along  with  the  low  resistance  to 
ground  upon  discharge,  causes  a  much  shorter  transient  than  is  the  case 
with  the  human  body  model.  This  can  be  a  much  worse  case  because  the 
power  versus  pulse  width  may  now  be  in  the  adiabatic  region  (P  =  Kt_l). 

This  model  was  originally  proposed  by  Speakman  (Reference  25)  and 
then  further  investigated  by  Bell  Laboratories  (References  21,  29,  30, 
31). 


See  source  codes  380-382  for  16K  EPROM  data  (part  number  not 
reported  (NR))  for  data  comparing  charged  device  model  to  human  body 
model . 

Floating  Device  Model 

This  model  simulates  that  situation  where  a  device  is  contacted  by 
a  charged  person  or  object  while  the  device  pins  are  not  grounded.  This 
model  is  similar  to  the  charged  device  model  in  that  the  damage 
mechanism  occurs  because  large  voltage  gradients  have  time  to  couple 
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into  any  or  all  areas  of  the  chip.  The  significance  of  this  model  is 
that  the  damage  occurs  while  the  device  is  being  charged  rather  than 
while  being  discharged.  This  is  in  contrast  to  the  charged  device  model 
where  the  damage  occurs  from  the  rapid  discharge  of  the  device  after  it 
has  been  slowly  charged  up.  In  the  floating  device  model  as  in  the 
charged  device  model,  the  capacitance  of  the  device  to  ground  is  the 
single  most  important  variable  in  determining  the  device  susceptibility. 
The  capacitance  is  dependent  upon  the  relative  orientation  of  device  and 
the  ground  plane  (as  shown  in  Table  I).  It  should  be  pointed  out  that 
the  circuit  board  in  which  a  device  is  mounted  may  serve  to  increase  the 
total  capacitance  of  the  system  to  ground  and  therefore  make  it  possible 

i 

to  deposit  more  energy  in  a  device  during  discharge.  The  significant 
difference  between  this  model  and  the  charged  device  model  is  that  in 
the  charged  device  model  the  damaging  mechanism  occurs  during  the  device 
discharge  to  ground  after  it  has  been  charged  up  while  in  the  floating 
device  model  the  damaging  mechanism  occurs  as  the  device  is  being 
charged  from  an  external  object.  Because  of  the  strict  dependence  of 
ESD  sensitivity  on  the  orientation  of  the  device,  a  device  is  more 
susceptible  when  it  is  closer  to  the  ground  plane  and  thus  it  has  a 
larger  capacitance. 

It  has  been  shown  that  devices  are  normally  less  susceptible  to 
stressing  with  this  model  if  a  resistance  and  capacitance  similar  to  the 
standard  human  body  model  are  used  (100  pF,  1500  ohm)  (see  Ref.  26). 
This  model  would  indeed  be  similar  to  the  charged  device  model  if  a  very 
low  resistance  is  used  in  the  stressing  circuit  of  Figure  8.  In  the 
floating  device  model  the  device  sees  a  very  fast  transient  as  it  is 
coupling  to  the  applied  voltage,  whereas  in  the  charged  device  model  the 
device  sees  the  very  fast  transient  upon  discharge  (of  opposite 
polarity)  after  it  has  been  charged  slowly. 
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FIGURE  8:  FLOATING  DEVICE  MODEL  EQUIVALENT  CIRCUIT 


where 

R  =  source  resistance 

C  =  source  capacitance 

Vp  =  voltage  drop  across  the  stressed  junction 

Rd  =  device  internal  resistance 

Ld  =  device  inductance 

Cd  =  device  capacitance  to  ground 

See  source  codes  170-230  for  the  74F04  and  74F175  and  source  code 
004  in  the  detailed  data  section  for  comparison  of  the  floating  device 
model  versus  the  human  body  model. 

Field  Induced  Model 

This  model  simulates  a  situation  where  a  device  is  subjected  to  an 
electrostatic  field  without  any  hard  contact  being  made.  There  are  two 
basic  ways  in  which  a  microcircuit  could  be  damaged  in  this  wa /. 

First,  if  a  MOS  structure  is  in  a  shipping  tube  and  a  charged 
person  or  object  comes  near  the  outside  of  the  tube,  the  inherent 
capacitor  structure  of  the  MOS  gate  forms  a  capacitive  voltage  divider 
*  between  the  MOS  capacitor  and  the  capacitance  of  the  charged  body  to  the 

device.  If  the  voltage  ( Vp)  exceeds  the  breakdown  voltage  of  the  oxide, 
device  damage  will  occur. 

jrr 
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Consider  another  example:  If  a  device  is  subjected  to  an  electro¬ 
static  field  (from  any  source),  the  theoretical  voltage  across  the  gate 
oxide  (for  a  leadless  chip)  perpendicular  to  the  field  lines  is  the 
voltage  field  gradient  times  the  oxide  thickness.  But  in  a  dip  package, 
for  instance,  the  voltage  across  the  gate  oxide  will  be  the  voltage 
field  gradient  times  the  lead  separation  distance.  In  this  case  the 
leads  are  conductors  and  act  as  antennae  for  the  field. 

Another  way  in  which  devices  could  fail  due  to  an  induced  field  is 
if  a  charge  occurs  either  triboelectrically  or  otherwise  on  the 
nonconducting  part  of  an  IC  (see  Figure  9).  Although  there  can  be  no 
damaging  current  from  the  nonconducting  portion  directly,  that  charge 
emits  an  electrostatic  field  and  therefore  induces  a  charge  on  the 
conducting  leads  of  the  device.  There  can  be  no  net  charge  on  the  lead 
frame,  but  charge  separation  will  occur  when  the  device  is  grounded. 
This  can  cause  a  high-amplitude,  short-duration  damaging  pulse. 

Little  data  on  this  model  is  presently  available,  but  it  has  been 
shown  that  it  is  a  valid  model  for  some  device  handling  and  storage 
situations. 

TEST  TECHNQIUES 

Due  to  the  complexity  of  modern  integrated  circuits  (especially  LSI 
devices)  it  is  costly  and  time-consuming  to  evaluate  and  characterize 
every  possible  path  an  ESD  pulse  could  take.  It  has  been  common 
practice  in  testing  for  ESD  susceptibility  to  use  a  minimum  number  of 
parts  to  determine  the  most  sensitive  pin  combination  or  path  and  then 
to  do  a  characterization  of  that  one  pin  combination.  Although  it  can 
often  be  ascertained  which  pin  combinations  will  be  the  most  susceptible 
( i . e . ,  unprotected  MOS  gates,  poorly  protected  MOS  gates,  pinned-out  MOS 
capacitors,  thin  oxide  underpasses,  inputs  of  technologies  utilizing 
very  small  geometries,  etc.),  electrostatic  discharges  can  be  so  subtle 
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that  pins  not  normally  believed  to  be  sensitive  can  be  sensitive  to 
models  other  than  the  standard  human  body  model. 

To  obtain  a  very  good  ESD  susceptibility  characterization  of  a 
part,  testing  should  be  performed  with  the  various  models  and  test 
fixtures  previously  described.  Since  the  failure  site  and  mechanisms 
may  not  necessarily  be  the  same  for  failures  using  the  different  models 
(Ref.  32),  testing  with  only  the  human  body  model  will  yield  only  a 
partial  characterization  of  a  device. 

For  a  detailed  characterization  of  a  device's  susceptibility  to 
ESD,  a  minimum  critical  energy  or  voltage  must  be  found  that  will  just 
damage  the  device.  The  simplest  and  most  cost-effective  way  of 
obtaining  this  is  to  subject  the  device  to  a  step-stress  test,  i.e., 
applying  pulses  of  increasing  magnitude  until  device  failure  is 
detected.  This  method,  however,  may  yield  a  value  for  the  voltage 
threshold  of  a  device  lower  than  the  actual  one-pulse  threshold.  This 
is  possible  if  the  particular  device  under  test  is  prone  to  cumulative 
effects.  It  has  been  found  by  various  investigators  (Refs.  26,  33)  that 
the  relationship  between  the  stressing  voltage  and  the  number  of  pulses 
to  failure  appears  to  be  a  kind  of  decaying  exponential  which  tends  to 
level  out  at  about  30  pulses;  that  is,  applying  30  pulses  at  a  single 
voltage  may  give  a  worst-case  condition. 

Since  the  data  presented  in  this  book  was  collected  from  many 
different  sources,  the  question  arises  as  to  what  degree  of  correlation 
can  be  expected  from  different  test  labs.  To  address  this  question,  in 
1981  RAC  supplied  three  independent  test  labs  with  a  sampling  of  the 
same  parts  with  the  identical  date  codes  and  the  same  statement  of  work 
(Ref.  26).  The  results  of  this  study  indicated  that  in  the  overall 
analysis  of  the  data  no  one  test  lab's  results  were  significantly 
different  from  the  others.  It  was  noted,  however,  that  although  there 
was  no  significant  difference  in  test  labs  there  were  large  variations 
in  the  failure  voltages  recorded  for  any  one  given  pin.  This  study 


emphasized  the  fact  that  ESD  susceptibility  test  results  intrinsically 
have  a  high  degree  of  variability. 

Failure  Criteria  Selection 


The  failure  criterion  used  in  establishing  an  ESD  failure  is 
critical  to  the  outcome  of  the  testing.  This  may  be  illustrated  by  the 
use  of  two  examples.  In  the  first  example,  let  us  assume  that  the 
failure  criterion  for  a  bipolar  device  is  defined  as  a  certain 
percentage  change  in  leakage  current.  This  may  be  a  difficult  failure 
criterion  to  implement  because  the  relationship  of  leakage  current 
versus  stress  voltage  itself  is  not  well-defined.  In  the  second  example 
let  us  assume  that  the  leakage  current  specification  limits  are  used  as 
the  failure  criterion  for  the  same  parts.  The  device  which  we  are 
testing  is  relatively  tolerant  to  ESD  and  remains  within  the 
specification  limits  when  stressed  with  a  pulse  well  below  the  damage 
threshold.  Nevertheless,  there  is  a  measurable  change  in  the  leakage 
current,  i.e.,  the  device  has  been  degraded;  however,  it  does  not  exceed 
the  specification  until  it  is  subsequently  pulsed  with  a  much  higher 
energy  pulse.  In  the  case  that  we  know  some  degradation  has  occurred, 
we  can  measure  the  degradation,  but  because  of  the  failure  criterion  it 
is  not  considered  susceptible  to  ESD  damage  at  the  lower  level.  For 
this  reason,  the  criterion  used  to  detect  device  failure  must  also  be 
selected  in  accordance  with  the  device  operating  characteristics  and  the 
manner  in  which  the  device  is  designed  into  a  circuit,  i.e.,  if  a 
certain  circuit  configuration  can  tolerate  a  parameter  shift  or  even  an 
out  of  specification  condition  of  this  component. 

DATA  CONVERSION  METHODS 


Conversion  of  Nonstandard  Human  Body  Model  Test  Data 

ESD  sensitivity  classification  (Section  3)  in  this  document  is 
presented  as  voltage  sensitivities  measured  in  accordance  with  the  human 
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body  model  described  in  DOD-STD-16861 and  DOD-HDBK-263.  However,  not  all 
of  the  data  collected  was  obtained  under  these  exact  test  conditions. 
Therefore,  it  was  necessary  to  establish  a  means  for  converting  data 
recorded  using  R  and  C  values  other  than  100  pF  and  1500  ohm  to  the 
equivalent  values  with  the  standard  100  pF  and  1500  ohm  human  body 
model.  Using  semi  empirical  methods,  the  RAC  has  established  the 
following  formula  for  the  conversion: 

Vi  =  V2  (3.87) 

where 


Vi  *  standard  human  body  model  damage  threshold 
R2  =  nonstandard  value  of  resistance  used 
C2  *  nonstandard  value  of  capacitance  used 
V2  =  measured  damage  threshold  using  R2  and  C2 

The  derivation  of  this  equation  may  be  found  in  Appendix  A. 

This  method  is  only  used  so  that  a  classification  in  accordance 
with  DOD-STD-1686  and  DOD-HDBK-263  can  be  obtained  for  inclusion  into 
the  classification  listing  of  Section  3.  The  detailed  data  of  Section  2 
presents  the  data  as  it  was  obtained,  i.e.,  the  failure  voltages  of 
actual  models  used  during  testing. 

Conversion  of  EMP  Overstress  Test  Data  to  the  ESP  Human  Body  Model 

A  vast  amount  of  electrical  overstress  data  has  been  compiled  from 
Electromagnetic  Pulse  (EMP)  studies.  It  would  be  negligent  to  disregard 
this  potential  data  source.  By  knowing  certain  parameters  of  a  device, 
a  theoretical  ESD  failure  can  be  calculated  using  the  Wunsch-Bell  model 
as  the  starting  point.  The  following  equation  has  been  established  to 
convert  EMP  overstress  data  to  the  ESD  human  body  model  equivalent: 
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V[j  =  measured  overstress  breakdown  voltage 
Kj  =  failure  constant  1 
l<2  =  failure  constant  2 

The  derivation  of  this  equation  may  be  found  in  Appendix  A. 

To  further  verify  the  validity  of  the  calculated  ESD  levels 
presented  in  this  book,  data  was  compared  for  specific  devices  which  had 
both  empirical  ESD  threshold  data  and  ESO  threshold  levels  calculated 
from  EMP  data.  The  log  of  the  ratio  of  ESD  to  EMP  failure  voltages  was 
plotted  such  that  a  given  percentage  of  discrepancy  (i.e.,  if  the  EMP 
level  was  the  same  percentage  higher  or  lower  than  the  ESD  level)  would 
be  equidistant  from  the  0  line.  If  the  datapoints  were  randomly 
distributed  about  the  0  line  and  the  data  did  not  show  a  shift  in 
distribution  against  any  parameter,  it  could  be  concluded  that  the 
failure  levels  obtained  from  EMP  data  were  a  fairly  good  indication  of 
the  actual  susceptibility  levels  of  the  devices  (not  taking  into  account 
random  variations  and  noise  in  the  data  for  any  given  device). 

Figure  10  was  obtained  by  plotting  the  log  of  the  ratio  (EMP/ESD) 
against  the  ESD  failure  voltage.  Although  there  is  insufficient  data  to 
adequately  define  any  trends  in  the  data  that  may  exist,  it  can  be  seen 
that  devices  with  relatively  low  ESD  threshold  voltages  (i.e.,  <  7000 
volts)  tend  to  be  consistently  high  compared  with  their  predicted  level 
using  EMP  data.  But  at  higher  thresholds  (i.e.,  >  7000  volts)  the 
distribution  seems  to  be  random  about  the  0  line,  indicating  a  fairly 
good  estimate  for  the  threshold  using  EMP  data. 
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FIGURE  10:  EMP  VS.  ESD  DATA  COMPARISON 


Still,  it  should  be  emphasized  that  the  susceptibility  levels 
obtained  from  EMP  data  are  necessarily  only  approximate  values.  It  can 
be  seen  from  Figure  10  that  the  EMP  to  ESD  levels  can  differ  by  as  much 
as  a  factor  of  10.  There  are  various  sources  of  error  in  converting  EMP 
data  to  ESD  data.  Two  of  these  error  sources  are  the  uncertainty  in  the 
damage  constants  and  the  uncertainty  in  the  device  parameters  (bulk 
resistance  and  breakdown  voltage).  These  uncertainties  can  stem  from: 
(1)  the  fact  that  manufacturers  are  changing  their  device  geometries 
(shrinking  die  sizes  to  increase  yields);  (2)  normal  lot  to  lot 
variations;  and  (3)  differences  between  manufacturers.  These  variations 
can  easily  cause  a  factor  of  10  difference  in  the  susceptibility  levels. 

DOD-STD-1686  VS  MIL-STD-883  CLASSIFICATION 


At  present,  two  different  ESO  susceptibility  classification  schemes 
exist,  those  portrayed  by  D0D-STD-1686/D0D-HDBK-263  and  those  portrayed 
by  MIL-STD-883  (Method  3015.1)/MIL-M-38510.  Fortunately  they  both 
utilize  the  same  test  circuit,  the  human  body  model  and  identical 
critical  circuit  elements,  a  100  pF  capacitor  and  a  1.5K  ohm  resi*tor. 
Table  2  compares  the  two  classification  methods.  As  can  be  seen,  one¬ 
way  conversion  from  DOD-STD-1686  classification  to  MIL-STD-883 
classification  is  quite  possible.  This  is  fortunate  since  the  majority 
of  devices  tested  and  classified  to  date  were  done  in  accordance  with 
the  older  documentation,  i.e.,  DOD-STD-1686.  All  items  tested  and 
classified  per  DOD-STD-1686  as  Class  1  will  also  be  Category  A  per  MIL- 
STD-883,  and  all  items  tested  and  classified  as  Class  3  per  DOD-HDBK-263 
will  be  Category  8  per  MIL-STD-883.  The  problem  is  those  parts 
classified  as  Clas-'  2  per  DOD-STD-1686.  These  may  fall  into  either 
category  of  MIL-STD-883.  Referring  to  Figure  11  we  find  that  of  all 
devices  tested  to  date  and  found  to  fall  into  Class  2  of  DOD-STD-1686 
approximately  63%  failed  in  the  range  of  1000  to  2000V  while  only  37% 
failed  in  the  range  of  2000V  to  4000V. 
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If  classification  according  to  MIL-STD-883  is  required,  it  is 
suggested  that  the  detailed  data  section  be  consulted  to  determine  if 
the  device  would  be  Class  A  or  B. 


TABLE  2:  DOD-HDBK-263  VS  MIL-STD-883  CLASSIFICATION  LEVELS 


DOD-HDBK-263 

DOD-STD-1686 

MIL-STD-883  (Method  3015) 

MIL-M-38510 

Class  1  0  to  £1000  volts 

Class  2  >1000  to  £4000  volts 
♦Class  3  >4000  to  £15,000  volts 

Category  A  20  to  2000V 
Category  B  2001V  and  above 

♦Class  3  is  addressed  by  the  DOD-HDBK  only.  It  is  not  in  the  DOD-STD. 


Unfortunately,  lacking  actual  test  data,  conversion  in  the  opposite 
direction  from  MIL-STD-883  classification  to  D0D-STD-1686/D0D-HDBK-263 
classification  is  impossible  with  testing  only  at  the  2000  volts 
specified  in  MIL-STD-883. 

VZAP  testing  has  been  a  qualification  test  requirement  on  certain 
MIL-M-38510  slash  sheets  for  a  number  of  years.  Specifically  this 
includes  all  CMOS  devices  and  certain  LSI  and  memory  devices.  The 
maximum  specified  test  voltage  for  these  tests  is  400  volts,  and  the 
devices  must  be  capable  of  handling  the  specified  VZAP  voltage  without 
failure.  (See  Appendix  B  for  a  detailed  listing  of  devices  and 
applicable  test  voltage  levels.)  Therefore,  unfortunately  this  test  in 
itself  yields  only  a  minimum  of  usable  device  ESD  susceptibility 
information. 
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SUMMARY  AND  CONCLUSIONS 


Certain  conclusions  can  be  drawn  from  analysis  of  the  data  and 
recommendations  made  regarding  future  directions  of  ESD  studies. 

(1)  Testing  with  various  discharge  models,  i.e.,  human  body  model, 
charged  device  model,  should  both  be  carried  out  to  fully 
characterize  a  device's  susceptibility  to  ESD. 

(2)  The  results  of  ESD  testing  should  be  better  documented  and 
submitted  to  centralized  databases  such  as  RAC's  so  that 
duplicate  testing  of  parts  can  be  avoided  when  possible.  An 
example  of  this  kind  of  data  exchange  is  the  recent  Data  Item 
Description  UDI-T-3741. 

(3)  For  organizations  conducting  testing  not  in  accordance  with 
military  procedures,  the  standard  human  body  model  test  circuit 
(100  pF,  1500  ohms)  should  be  used  in  order  that  the  data  may 
be  more  readily  correlated  to  other  data  sources. 

(4)  More  interfacing  between  the  ESD  and  EMP  communities  should  be 
made  so  that  technology  can  be  exchanged  in  these  fields. 

(5)  More  research  should  be  conducted  into  the  physics  of  ESD- 
induced  latent  failures  for  a  better  understanding  of  this 
phenomenon. 

SUMMARIZED  DATA  -  VOLTAGE  VS  TECHNOLOGY 


The  following  graphs  are  histograms  generated  by  taking  the  failure 
voltage  for  each  entry  in  the  Detailed  Device  Susceptibility  Test  Data 
Section  2  for  each  particular  technology.  Figure  11  Is  a  composite 
summary  including  data  from  all  of  the  technologies  In  Figures  12 
through  29. 


Where  necessary  the  actual  test  voltages  were  converted  to  levels 
consistent  with  the  widely  recognized  100  pF,  1500  ohm  human  body  model 
since  mixing  failure  voltages  of  data  obtained  with  different  resistor- 
capacitor  values  and  different  discharge  models  would  confound  the  data 
significantly  (see  Data  Conversion  Methods). 

It  should  be  noted  that  data  was  also  included  which  represents  an 
approximate  upper  bound  of  threshold  voltages  (i.e.,  one  test  at  one 
voltage  was  carried  out  on  a  device  and  a  failure  resulted.  Thus, 
although  exact  damage  threshold  voltage  of  the  device  could  not  be 
determined  from  that  one  data  point,  it  is  known  that  the  threshold  is 
equal  to  or  less  than  the  test  voltage). 

The  data  as  presented  in  this  section  may  be  somewhat  biased  since 
all  data  entries  from  the  detailed  data  section  were  used.  This  bias 
comes  from  the  fact  that  where  one  data  source  may  have  included  all  of 
the  data  (on  all  pins,  for  example)  another  may  have  only  presented  the 
worst-case  failures  (i.e.,  the  most  sensitive  pin). 

It  can  be  seen  from  the  following  histograms  what  the  relative 
susceptibilities  of  various  technologies  are.  For  the  individual 
histograms,  the  voltages  where  many  devices  have  failed  may  be 
indicative  of  a  particular  data  source  or  test  method.  For  example,  the 
peaks  at  1000  volts  for  CMOS,  2500  volts  for  TTL,  1000  volts  for  STTL, 
1500  volts  for  LSTTL,  etc.,  were  primarily  from  data  contained  in  source 
code  030.  However,  when  observing  the  histogram  (Figure  1)  for  failure 
voltages  of  all  microcircuits  technologies  combined,  a  much  larger 
sample  size  was  available  and  a  fairly  well-defined  curve  was  obtained. 
This  curve  appears  to  be  a  lognormal  distribution  with  the  peak  at 
approximately  1000  volts. 
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FIGURE  13:  FAILURE  VOLTAGE  PLOT  -  NMOS 
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FIGURE  18:  FAILURE  VOLTAGE  PLOT 


FIGURE  20:  FAILURE  VOLTAGE  PLOT 


miuw  Ntrw  imn  i  ix> 


! 

i 


Jill  n  _ 

•0  W  90  100 

miuat  joltkqc  (vxts  *  \y» 


160 


FIGURE  26:  FAILURE  VOLTAGE  PLOT  -  IIL 
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SECTION  2 

Detailed  Oevice  Susceptibility  Test  Data 
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DETAILED  DEVICE  SUSCEPTIBILITY  TEST  DATA 


The  data  contained  herein  was  collected  from  many  different 
sources.  A  large  portion  was  obtained  from  an  extensive  data  collection 
effort  in  which  IITRI/RAC  personnel  visited  various  facilities  to 
actively  solicit  ESD  susceptibility  data  on  electronic  devices.  Also,  a 
thorough  literature  search  was  conducted  which  turned  up  substantial 
amounts  of  data  already  published.  In  this  publication,  data  exists  on 
approximately  1170  unique  electronic  devices.  A  computerized  database 
was  designed  and  implemented  by  RAC  to  store  and  retrieve  the  data 
collected.  All  printouts  in  this  book  were  produced  directly  from  the 
database  via  software  generated  by  the  RAC  staff. 

It  is  the  intent  of  this  detailed  data  section  to  present  the  data 
in  as  raw  a  form  as  possible,  given  the  fact  that  it  must  be  fit  into  a 
structured  system.  Where  the  detailed  entries  do  not  adequately  explain 
the  test  methods  or  results  for  a  particular  data  source,  an  attempt  was 
made  to  further  clarify  them  in  Section  4,  Data  Sources. 

This  printout  is  composed  of  two  parts:  Part  A  Microcircuits  and 
Part  B  Discrete  Electronic  Components. 

Part  A,  the  Microcircuit  section,  is  broken  up  by  device 
technology.  The  ordering  of  these  technologies  is  as  follows: 

CMOS 

NMOS 

PMOS 

MOS  (Not  otherwise  classified) 

CCD 

MNOS 

JFET 

BIFET 


BIPOLAR  (Linear  and  Interface) 

TTL 

STTL 

LSTTL 

Advanced  STTL 

LTTL 

HTTL 

1 1 L 

DTL 

RTL 

ECL 

Part  B,  the  Discrete  Electronic  Components  section,  is  ordered  as 
follows: 

DIODES 

TRANSISTORS 

THYRISTORS 

OPTOELECTRONIC  DEVICES 
RESISTORS 

A  description  of  the  fields  in  this  output  is  given  on  the 
following  page. 

NOTES  FOR  USE  OF  DETAILED  SUSCEPTIBILITY  DATA: 

(1)  If  you  do  not  know  the  technology  of  a  device  to  look  up  the 
detailed  data,  go  to  the  classification  listing,  look  up  the  part 
number  and  then  the  associated  technology. 

(2)  There  is  an  inherent  bias  in  the  data  due  to  the  fact  that  in  many 
cases  only  very  sensitive  parts  were  tested  and  the  results  docu¬ 
mented. 

(3)  N/R  =  Not  reported 
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DATE  :  TEST  :  RES.  I  :  NUMBER  :  TEST  :  :  HUM.  : 

COOC  :  DATE  s(OHMS):  CAP.  :  PULSES  :  TYPE  : RESULT:  VOLTAGE:  UCV. 
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BASIC  PART  NUMBER.  The  part  number  of  the  device  minus  prefix  and 
suffix. 


@  DESCRIPTION.  Basic  function  of  the  device. 

SRC.  CODE.  Source  code  -  identifies  the  data  source  (see  Section  4). 

®  SEQ.  NUM.  Sequence  number  -  number  to  identify  a  particular  data 

entry  for  a  certain  source  code. 

(?)  MANUFACTURER.  Manufacturer  of  the  device. 

©  FULL  PART  NUM.  Full  part  number  of  the  device  including  prefix  and 
suffix. 

©  DATE  CODE.  Date  code  as  it  appeared  on  the  device. 

( ? )  TEST  DATE.  Date  (month  and  year)  the  test  was  performed. 

RES.  Resistance  (in  ohms)  used  in  the  discharge  circuit. 

Ora  CAP.  Capacitance  used  in  the  discharge  circuit  (UF  =  microfarads, 
PF  =  picofarads). 

(H)  NUMBER  PULSES.  The  total  number  of  pulses  applied  to  the  device  at 
the  voltage  (field  no.  14)  before  failure  (if  result  =  fail)  or 
before  testing  for  failure  (if  result  =  pass). 

(l2)  TEST  TYPE.  SS  =  Step  Stress,  i.e.,  the  device  was  stressed  in 
incremental  voltages  and  tested  for  failure  between  each  one.  GN  = 
Go/No-Go,  i.e.,  one  voltage  level  only  applied  to  the  device  and 
then  tested  for  failure. 


(D)  RESULT.  Whether  the  device  passed  or  failed  testing  at  the  given 
test  conditions. 


(l4)  VOLTAGE.  The  voltage  for  which  the  result  describes  (if  the  device 
was  step-stressed  and  it  failed  during  stepping,  the  failure 
voltage  is  given). 

(lb)  NUM.  DEV.  The  number  of  devices  which  were  tested  to  the  same 
results  (i.e.,  all  other  fields  would  have  been  the  same). 

^6)  PIN  COMBINATION.  The  pin  combination  tested:  function,  pin  number, 
and  polarity  (if  known). 


REMARK.  Any  comment  which  clarifies  the  test  procedures  or  results. 
FAILURE  CRITERIA.  Criteria  used  to  detect  device  failure. 
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SECTION  2A 

DETAILED  MICROCIRCUIT  SUSCEPTIBILITY  TEST  DATA 
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’ A1LUU  CHIT  EMU:  FUNCTION  FAILURE  OR  D.C.  PARAMETER  OUT  OF  SPEC 


TBCHNOLOGY:  CMOS 
(CONTINUED) 
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AMAJUC:  BREAKDOWN  V0LTACE  CHARACTERISTICS  WERE  DEGRADED.  FA1UIRE  CRITERIA:  FUNCTIONAL  FAILURE 
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DEGRADATION  OCCURRED  AT  3500V.  FAILURE  CRITERIA:  FUNCTIONAL  FAILURE 
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FAILURE  CRITERIA :  PARAMETER  CHANGE  OF  GREATER  THAN  10Z 
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FAILURE  CRITERIA:  PARAMETER  CHANGE  OF  GREATER  TUAN  10Z 
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TECHNOLOGY:  CMOS 
(CONTINUED) 
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TRANSCEIVER 

9  :  N/R  N/R  :  7  949  :  N/R  :  1000  :  200  PF  :  I  :  SS  :  PAIL  :  200  :  1  :  EACH  PIN(+) 

REMARK:  AVERAGE  FAILURE  VOLTAGE  FOR  ALL  PINS  ON  AN  UNKNOWN  NUMBER  OP  DEVICES  IS  820V. 

FAILURE  CRITERIA:  EXCESSIVE  LEAKAGE  CURRENT  OR  OPEN  CONDUCTOR  LUES. 
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DEVICE  CAPACITANCE  HAS  9.6  PP.  TO  GND.  THE  CHARGED  DEVICE  MODEL  MAS  USED.  FAILURE  CRITERIA:  EXCESSIVE  LEAKAGE  CURRENT  AT  ANT  PIN 
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TECHNOLOGY:  MNOS 


030  :  310  :  N/R  N/R  :  N/R  :  N/R  :  1300  :  100  PF  :  1:1/1:  FAIL 

FAILURE  CRITERIA:  PARAMETER  CHARGE  OF  GREATER  THAR  10X 

030  :  311  :  H/R  :  356A  :  N/R  :  N/R  :  1300  :  100  FF  :  1  :  N/R  :  FAIL 

FAILURE  CRITERIA:  PARAMETER  CHANGE  OF  GREATER  THAN  10X 
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PA  I UJ  RE  CRITERIA:  ID)  AND  VR  OUT  OF  SPEC 


TECHNOLOGY:  STTL 
(CONTINUED) 


TECHNOLOGY:  STTL 
(CONTINUED) 


030  :  117  :  N/R  N/R  :  N/R  :  N/R  :  1500  :  100  PR  :  1  :  N/R  :  FAIL  :  1000  : 

FAILURE  CRITERIA:  PARAMETER  CHANCE  OF  CREATER  THAN  10Z 


TECHNOLOGY:  STTL 
(CONTINUED) 
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030  :  126  :  N/R  N/R  :  N/R  :  N/R  :  1500  :  100  PF  :  1  :  N/R  :  FAIL  :  10C0  :  1  :  N/R 

FAILURE  CRITERIA:  PARAMETER  CHANGE  OF  GREATER  THAN  IOZ 


1 

1 


1 


0 


a 

33 

tf 


2  I 


=  i 


ae  > 

sa 


H  H  I 


33  ? 


38 

88 


3  | 


8 

M 

I  8 


I  M 

'  § 


H|» 


a§ 


136 


8 

O 


~1 

,< 


s 

o 


-«  <  » 
N  fa  | 


W  1 

S! 

s :  a 

°!  b 


9 

I* 


i-  °  I 


I  _ 

I  2 


—  rgy  .-'tr-M' 


CVv-; 


TECHNOLOGY:  STTL 
(CONTINUED) 
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030  :  2*0  :  N/K  N/R  :  N/R 

FAILURE  CRITERIA:  PARAMETER  CHANGE  OF  GREATER  THAN  102 


SASIC  PAST  NUMBER  DESCRIPTION 


245  :  12  :  N/S  N/R  :  7712  :  N/R  :  100  :  .1  OF  :  1  :  SS  :  FAIL  :  S3  :  IS  :  INPUT(+)  GHD(-) 

REMARK:  FAILURE  VOLTAGE  IS  AN  AVERAGE  OF  15  DEVICES.  FAILURE  CRITERIA:  D.C.  PARAMETER  OUT  OF  SPEC. 


BASIC  PART  HUMBER  DESCRIPTION 


030  :  255  :  N/R  :  N/R  :  N/R  :  N/R  :  1500  :  100  PF  :  1  :  N/R  •  FAIL  :  1000  :  l  :  N/R 

FAILURE  CRITERIA:  PARAMETER  CHANGE  OF  GREATER  THAN  10Z 


TECHNOLOGY :  STTL 
(CONTINUED) 
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025  :  1  :  N/R  :  N/R  :  N/R  :  N/R  :  470  :  500  PF  :  1  :  SS  :  FAIL  :  410  :  N, 

REMARK:  410  VOLTS  IS  AM  AVERACE  OF  AN  UNKNOWN  NUMBER  OF  DEVICES.  FAILURE  CRITERIA:  GREATER  THAN  5  MA  AT  5  VOLTS 
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010  :  32  :  N/R  N/R  :  N/R  :  N/R  :  1500  :  100  PF  :  1  :  N/R  :  FAIL  :  1500  :  1  :  N/R 

FAILURE  CRITERIA:  PARAMETER  CHANCE  OF  GREATER  THAN  10Z 

M3  :  to  :  NATIONAL  SEMI  N/R  :  N/R  :  N/R  :  1500  :  100  PF  :  1  :  SS  :  FAIL  :  133  :  l  :  IN.(+)  APTT(-) 

REMARK*.  FAILURE  VOLTAGE  OBTAINED  FROM  EMP  DATA  AND  EXPONENTIAL  MODEL.  FAILURE  CRITERIA:  DEGRADATION  OF  V-l  CURVE  OR  FUNCTIONAL  FAILURE 
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BASIC  PART  NUMBER  DESCRIPTION 
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TECHNOLOGY:  LSTTL 
(CONTINUED) 


FAILURE  CRITERIA:  SIGNIFICANT  AMOUNT  OF  DEGRADATION  TO  V-l  CURVE 


TECHNOLOGY:  LSTT 
(CONTINUED) 
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LUXE  CRITERIA:  100 A  INPUT  LEAKACE  AT  THE  VOLTAGE  PREVIOUSLY  MEASURED  TO  BE  1UA 
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TECHNOLOGY:  LSTTL 
(CONTINUED) 
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TECHNOLOGY :  LSTT 
(CONTI  WED) 


FAILURE  CRITERIA:  10X  CHANCE  IN  ELECTRICAL  PARAMETERS 


FAILURE  CRITERIA:  ELECTRICAL  PARAMETERS  OUT  OF  SPEC 
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FAILURE  CRITERIA :  ELECTRICAL  PARAMETERS  OUT  OF  SPEC 


FAILURE  CRITERIA:  10Z  CHANCE  IN  ELECTRICAL  PARAMETERS 


TECHNOLOGY:  ADVANCED  STTL 
(CONTI  WED) 
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212  :  1*  :  FAUCHILD  Sail  :  74F175PC  :  8*25  :  N/a  :  1500  :  100  FF  :  1  :  SS  :  PASS  :  5000  .  1  :  0UT.(15)(+) 

a&lAXK:  PIN  UNDEH  TEST  STRESSED  WITH  ALL  OTHERS  TIED  TOGETHER  FLOATING  FAILURE  CRITERIA:  ELECTRICAL  PARAHETtXS  OUT  OF  SPEC. 
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1  :  FAIRCHILD  SEMI  :  74F175PC  :  8125  :  N/K  :  1500  :  100  PF  :  30  :  SS  :  FAIL  :  1120  :  1  :  IN. (*)(+) 

RQIARK:  PIN  UNDER  TEST  STRESSED  WITH  ALL  OTHERS  TIED  T0CETHER  FLOATING  FAILURE  CRITERIA:  102  CHANGE  IN  ELECTRICAL  PARAMETERS. 


TECHNOLOGY:  LTTL 
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FAILURE  CRITERIA:  IIH  AND/OR  VOL  OUT  OF  SPEC 
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FAILURE  CRITERIA:  ID)  AND  VOL  OUT  OF  SPEC 
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TECHNOLOGY:  HTTL 
(CONTINUED) 
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BASIC  PACT  NUMBER  DESCRIPTION 


029  :  280  :  MOTOROLA  SEMI  :  MC317F  :  N/R  :  N/R  :  1500  :  100  PF  :  1  :  N/R  :  FAIL  :  6253 

REMARK:  FAILURE  VOLTAGE  OBTAIfED  FROM  EMP  DATA  AND  EXPONENTIAL  MODEL. 
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WW:  1130  VOLTS  IS  AN  AVERAGE  OF  AN  UNKNOWN  NUMBER  OF  DEVICES. 

FAIUJRR  cumu:  CHEATER  THAN  20CMA  AT  5.2  VCC  4  GREATER  THAN  IONA  AT  3.8  V  SWITCHING  FT. 

4  :  i/R  s  N/R  :  N/R  I  N/R  :  I0K  :  100  PF  :  1  :  SS  :  FAIL  :  2100  ;  H/R 

REMARK:  2100  VOLTS  IS  AN  AVERAGE  OF  AN  UNKNOWN  NUMBER  OF  DEVICES. 

FAILURE  CRITERIA:  GREATER  THAN  200MA  AT  5.2  VCC  4  GREATER  THAN  10NA  AT  3.8  V  SWITCHING  FT. 


SECTION  2B 


DETAILED  DISCRETE  COMPONENT  SUSCEPTIBILITY  TEST  DATA 


BASIC  PABT  NUMBER  DESCRIPTION 


s 


DEVICE  TYPE:  DIODES 
(CONTINUED) 


029  :  160  :  RAYTHEON  N/R  :  N/k  :  N/E  :  1S00  :  100  Pf  :  !:■/■:  FAIL  IWI* 

REHARK:  FAILURE  VOLTAGE  OBTAINED  FROM  EMP  DATA  AND  VUNSCH  HOOEL. 


DEVICE  TYPE:  DIODES 
(CONTINUED) 


232  :  1*  :  N/R  N/R  :  N/R  :  N/R  :  1500  :  100  PF  :  1  :  N/R  :  FAIL  :  2787  :  l  :  N/R 

REMARK'  FAILURE  VOLTACE  OBTAINED  FROM  EMP  DATA  AND  WUNSCH  MODEL.  (SUPERSAP  2) 


DEVICE  TYPE:  DIODES 
(CONTINUED) 


DEVICE  TYPE:  DIODES 
(CONTINUED) 


DEVICE  TYPE:  DIODES 
(CONTINUED) 


DEVICE  TYPE:  DIODES 
(CONTINUED) 


I 


DEVICE  TYPE:  DIODES 
(CONTINUED) 


029  :  199  :  GENERAL  INSTRUMENTS  N/R  :  N/R  :  N/R  :  1500  :  100  PF  :  1  :  N/R  :  FAIL  :  785*2  :  1  :  N/R 

REMARK:  FAILURE  VOLTAGE  OBTAINED  FROM  EMP  DATA  AND  EXPONENTIAL  MODEL. 


DEVICE  TYPE:  DIODES 
(CONTINUED) 


DEVICE  TYPE:  DIODES 
(CONTINUED) 


232  :  *7  :  N/R  N/R  :  N/R  :  N/R  :  1500  :  100  PF  :  1  N/R  :  FAIL  :  15868 

REMARK:  FAILURE  VOLTAGE  OBTAINED  FROM  EMP  DATA  AND  WUNSCH  MODEL.  (SUPERSAP  2) 


DEVICE  TYPE:  DIODES 
(CONTINUED) 


FAILURE  CRITERIA:  IR  AND  VB  OUT  OF  SPEC 


DEVICE  TYPE:  DIODES 
(CONTINUED) 


2  :  HEWLETT  PACKARD  :  N/R  :  8016  :  N/R  :  1500  :  100  PF  :  1  :  CN  :  PASS  :  630  :  3  :  C(+)  A( -) 

FAILURE  CRITERIA:  IR  AND  VB  OUT  OF  SPEC. 


DEVICE  TYPE:  DIODES 
(CONTINUED) 


DEVICE  TYPE:  DIODES 
(CONTINUED) 
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DETAILED  DEVICE  CLASSIFICATION  DATA 


The  following  tables  consist  of  all  the  electronic  parts  RAC  has 
ESD  susceptibility  test  data  on.  The  devices  have  been  classified  in 
accordance  with  DOD-STD-1686  and  DOD-HDBK-263.  It  is  important  to  note 
that  the  majority  of  the  devices  have  not  actually  been  tested  in 
accordance  with  the  test  method  of  DOD-STD-1686  but  instead  the  failure 
thresholds  were  determined  from  the  available  data  on  that  part  and 

classified  accordingly.  If  the  data  was  taken  using  a  model  other  than 

the  standard  100  pF,  1500  ohm  human  body  model  then  the  threshold 
voltage  was  converted,  using  the  formulae  given  in  Section  1,  to  an 
approximate  value  consistent  with  the  100  pF,  1500  ohm  model. 
Derivation  of  these  formulae  may  be  found  in  Appendix  A. 

The  voltage  susceptibility  levels  found  in  this  printout  are 
divided  into  four  classes  defined  as  follows: 

Class  1  0  -  1000V 

Class  2  1001  -  4000V 

Class  3  4001  -  15000V 

N  >  15000V 

N  is  used  in  this  listing  to  indicate  that  a  device  is  sensitive 

only  above  15,000  volts  and  therefore  is  not  considered  to  be  sensitive 

in  accordance  with  DOD-STD-1686  or  DOD-HDBK-263. 

If  a  device's  sensitivity  is  not  well-defined  or  is  borderline 
between  two  classes,  it  is  depicted  with  a  dash  (i.e.,  1-2,  2-3,  3-N). 

This  section  is  divided  into  four  parts: 


Section  Description 

3A  Microcircuits  in  Generic  Part  Number  Order 

3B  Microcircuits  in  Military  Part  Number  Order 

3C  Discrete  Components  in  Generic  Part  Number  Order 

3D  Oiscrete  Components  in  Military  Part  Number  Order 

NOTES  FOR  USE  OF  CLASSIFICATION  INFORMATION 

(1)  If  data  was  obtained  on  a  commercial  part,  it  may  be  listed  with  an 
associated  MIL-M-38510  slash  number.  Although  the  commercial 
devices  cannot  be  on  a  slash  sheet,  they  are  listed  as  such  since 
commercial  devices  are  electrically  equivalent  to  military  ones  as 
far  as  ESD  is  concerned. 

(2)  The  device  description  is  only  intended  to  provide  a  very  brief 
description  to  distinguish  between  different  parts  that  may  have 
the  same  basic  part  number.  A  more  complete  description  can  be 
found  in  the  Detailed  Data  section. 

(3)  If  no  date  exists  for  a  certain  part  it  is  suggested  that  a 
military  or  commercial  equivalent  device  be  located  since  they 
should  be  essentially  the  same  for  ESD  considerations,  i.e.,  5400 
series  vs.  7400  series. 


BASE  PART  NUMBER 


XC401 
XC402 
XC404 
04  5 BO 
100 
101 
101A 
10102 
10130 
10146 
103 
105 
10501 
10518 
108 
109 
11011 
111 
11201 
11331 
11? 

118 

119 

120 
124 
13201 

139 

140 
140 
14000 
14001A 
14001B 
14013A 
14013B 
14018 
14021 
14046 

14049 
14049A 
14049B 

14050 
14G53B 
14069B 
1408 
14511 
14519 
1458 
1463 
148 

1488 

1489 
1494 
1496 
1506 
1508 
1530 
1533 

155 
1558 

156 
1563 

157 
1590 
1594 
15946 
1596 
1678 
180 
1802 
1822 
1852 
190 
198 


MIL-M-38510 


DESCRIPTION 


ilL 

IlL 

1IL 

PMOS 

CMOS 

BIPOLAR 

BIPOLAR 

ECL 

ECL 

ECL 

BIPOLAR 

BIPOLAR 

ECL 

ECL 

BIPOLAR 

BIPOLAR 

PMOS 

BIPOLAR 

JFET 

JFET 

BIPOLAR 

BIPOLAR 

BIPOLAR 

BIPOLAR 

BIPOLAR 

JFET 

BIPOLAR 

TTL 

BIPOLAR 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

PMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

BIPOLAR 

CMOS 

CMOS 

BIPOLAR 

BIPOLAR 

BIPOLAR 

BIPOLAR 

BIPOLAR 

BIPOLAR 

BIPOLAR 

BIPOLAR 

BIPOLAR 

bipolar 


BIPOLAR 

11401 

BIFET 

10108 

BIPOLAR 

11402 

BIFET 

BIPOLAR 

11403 

BIFE1 

BIPOLAR 

BIPOLAR 

DTL 

BIPOLAR 

ECL 

DTL 

CMOS 

47102 

CMOS 

47301 

CMOS 

JFET 

12501 

BIFET 

GATE 

CATE 

BLIP" PLOP 
SSI/MSI 

CONVERTER  (D/A  A/D) 

OP  AMP 
OP  AMP 
GATE 
LATCH 
RAM 

VOLTAGE  REGULATOR 

VOLTAGE  REGULATOR 

GATE 

GATE 

UP  AMP 

VOLTAGE  REGULATOR 

STATIC  RAM 

COMPARATOR 

SWITCH 

SWITCH 

VOLTAGE  REGULATOR 
OP  AMP 
COMPARATOR 
VOLTAGE  REGULATOR 
OP  AMP 
SWITCH 
COMPARATOR 
GATE 

VOLTAGE  REGULATOR 

GATE 

GATE 

GATE 

FLIP-FLOP 

FLIP-FLOP 

COUNTER 

SHIFT  REGISTER 

PHASE  LOCK  LOOP 

BUFFER/ INVERTER 

BUFFER/ INVERTER 

BUFFER/ INVERTER 

BUFFER/INVERTER 

SWITCH 

BUFFER/ INVERTER 

CONVERTER  (D/A  A'D) 

DECODER 

GATE 

OP  AMP 

VOLTAGE  REGULATOR 

OP  AMP 

DRIVER 

RECEIVER 

ClNEAR 

LINEAR 

CONVERTER  (D/A  A/D) 

CONVERTER  (D/A  A/D) 

OP  AMP 

OP  AMP 

OP  AMP 

OP  AMP 

OP  AMP 

VOLTAGE  REGULATOR 

OP  AMP 

OP  AMP 

LINEAR 

GATE 

LINEAR 

COUNTER 

GATE 

MICROPROCESSOR 

RAM 

SSI/MSI 

SWITCH 

LINEAR 
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MSB  PART  NUMBER 

M1L-M-38510 

DEVICE 

DESCRIPTION 

CUSS 

2001 

TTL 

SHIFT  REGISTER 

3 

201 

12302 

CMOS 

SWITCH 

1-2 

201 

1230* 

CMOS 

SWITCH 

2 

2031 

KNOS 

EAPROM 

1 

2102 

MHOS 

STATIC  RAM 

1 

211 

BIPOLAR 

COMPARATOR 

3 

2111 

mMOS 

STATIC  RAM 

1 

211* 

23802 

MOS 

STATIC  RAM 

1 

21*1 

2XX03 

NMOS 

STATIC  RAM 

1 

21*7 

23801 

MOS 

STATIC  RAM 

1 

2235 

CMOS 

GATE 

1 

2*01 

2XX01 

NMOS 

ROM 

1 

2516 

22101 

NMOS 

EPROM 

1 

26LS31 

14X01 

LSTTL 

DRIVER 

1-2 

26LS32 

14X02 

LSTTL 

RECEIVER 

1-2 

2622 

BIPOLAR 

OP  AMP 

2 

2630 

BIPOLAR 

OP  AMP 

1-2 

27S13 

STTL 

PROM 

I 

27S19C 

STTL 

PROM 

1 

27S20 

STTL 

PROM 

1-2 

2702 

BIPOLAR 

VOLTAGE  REFERENCE 

I 

2706 

22001 

MMOS 

EPROM 

t 

2716 

22101 

NMOS 

EPROM 

1 

2732 

22202 

NMOS 

EPROM 

1 

2901 

LSTTL 

MICROPROCESSOR 

1 

2909 

LSTTL 

MICROPROCESSOR 

1-2 

2910 

44501 

TTL 

MICROPROCESSOR 

1-2 

2930 

LSTTL 

MICROPROCESSOR 

1-2 

301 

BIPOLAR 

OP  AMP 

1-2 

301 

ECL 

GATE 

N 

3015 

BIPOLAR 

OP  AMP 

2 

302 

BIPOLAR 

OP  AMP 

3 

30* 

ECL 

DRIVER 

3 

308 

ECL 

FLIP-FLOP 

3 

308 

BIPOLAR 

OP  AMP 

1-2 

309 

BIPOLAR 

VOLTAGE  REGUUTOR 

3 

3101 

STTL 

STATIC  RAM 

3 

311 

CCD 

SHIFT  REGISTER 

1 

311 

BIPOLAR 

COMPARATOR 

3 

317 

ECL 

CONVERTER  (D/A  A/D) 

3 

317 

BIPOLAR 

VOLTAGE  REGUUTOR 

3 

318 

BIPOUR 

OP  AMP 

3 

319 

BIPOLAR 

COMPARATOR 

1-2 

320 

BIPOLAR 

VOLTAGE  REGULATOR 

3 

32* 

BIPOLAR 

OP  AMP 

1-2 

331 

CMOS 

CONVERTER  (D/A  A/D) 

1 

339 

11201 

BIPOLAR 

COMPARATOR 

2 

3*0 

BIPOLAR 

VOLTAGE  REGUUTOR 

3 

3*00 

CMOS 

EAPROM 

1 

3*001 

BIFET 

OP  AMP 

1 

34001 

CMOS 

GATE 

1-2 

3*03 

BIPOLAR 

OP  AMP 

1 

3*0*98 

CMOS 

BUFFER/ INVERTER 

1-2 

3*4 

BIPOLAR 

OP  AMP 

l 

3*8 

11001 

BIPOLAR 

OP  AMP 

2 

33i 

ECL 

GATE 

2 

355 

11*01 

BIFET 

OP  AMP 

3 

356 

11*02 

BIFET 

OP  AMP 

3 

357 

BIFET 

OP  AMP 

3 

3600 

BIPOLAR 

CONVERTER  (D/A  A/D) 

3 

3870 

NMOS 

MICROCOMPUTER 

1 

3873 

NMOS 

MICROCOMPUTER 

1 

398 

12501 

BIFET 

LINEAR 

i 

4000 

CMOS 

GATE 

1-2 

*001 

CMOS 

GATE 

1-2 

4001A 

05202 

CMOS 

GATE 

1 

*0018 

05252 

CMOS 

GATE 

2 

*001* 

CMOS 

SSI/MSI 

2 

*0028 

05253 

CMOS 

GATE 

1 

*006 

TTL 

DECODER 

3 

*0068 

05751 

CMOS 

SHIFT  REGISTER 

1 

*007 

05351 

CMOS 

BUFFER/INVERTER 

1 

*0078 

CMOS 

BUFFER/INVERTER 

1 
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BASS  PAST  HUMBER 

M1L-M-3851L 

DEVICE 

DESCRIPTION 

CLASS 

4008B 

05451 

CMOS 

SSI/MSI 

1 

40101B 

CMOS 

SSI/MSI 

1 

4011 

CMOS 

GATE 

1 

4011A 

05001 

CMOS 

GATE 

2 

*01  IB 

05051 

CMOS 

GATE 

1-2 

4012 

05002 

CMOS 

GATE 

2 

4012B 

05052 

CMOS 

GATE 

1 

4013 

CMOS 

FLIP-FLOP 

2 

4013A 

05101 

CMOS 

FLIP-FLOP 

1-2 

ions 

05151 

CMOS 

FLIP-FLOP 

1 

4014B 

05752 

CMOS 

SHIFT  REGISTER 

1 

401SB 

05753 

CMOS 

SHIFT  REGISTER 

1 

40160B 

18001 

CMOS 

COUNTER 

1 

40161B 

18002 

CMOS 

COUNTER 

1 

40161BC 

CMOS 

COUNTER 

1 

40162B 

18003 

CMOS 

COUNTER 

1 

40163B 

18004 

CMOS 

COUNTER 

1 

4017B 

05651 

CMOS 

COUNTER 

1 

40174B 

17505 

CMOS 

FLIP-FLOP 

1 

4018 

CMOS 

COUNTER 

2 

4019 

CMOS 

GATE 

1-2 

4019B 

05352 

CMOS 

GATE 

t 

40194B 

17906 

CMOS 

shift  register 

1 

40195B 

CMOS 

SHIFT  REGISTER 

1 

4020 

CMOS 

COUNTER 

2 

4020B 

05633 

CMOS 

COUNTER 

l 

4021 

CMOS 

SHIFT  REGISTER 

1 

4021 A 

05704 

CMOS 

SHIFT  REGISTER 

2 

4021B 

05754 

CMOS 

SHIFT  REGISTER 

1 

4023A 

05003 

CMOS 

GATE 

1 

40238 

05053 

CMOS 

GATE 

1 

4023D 

CMOS 

GATE 

1 

4024 

CMOS 

COUNTER 

1-2 

4024B 

05655 

CMOS 

COUNTER 

1 

4025B 

05254 

CMOS 

GATE 

1 

4027B 

05152 

CMOS 

FLIP-FLOP 

2,.‘- 

4028B 

05951 

CMOS 

DECODER 

i 

4029 

CMOS 

COUNTER 

i 

4029b 

18X02 

CMOS 

COUNTER 

l 

4030B 

05353 

CMOS 

GATE 

i 

403  IB 

05755 

CMOS 

SHIFT  REGISTER 

1 

4033B 

CMOS 

COUNTER 

1 

4034B 

05756 

CMOS 

SHIFT  REGISTER 

l 

4035 

CMOS 

SHIFT  REGISTER 

1 

4035B 

18X01 

CMOS 

SHIFT  REGISTER 

1 

4040 

CMOS 

COUNTER 

1 

4040B 

1XX01 

CMOS 

COUNTER 

l 

4042B 

18X02 

CMOS 

LATCH 

l 

4043 

TTL 

DRIVER 

3 

4043B 

05153 

CMOS 

LATCH 

1 

4044 

2XX02 

CMOS 

LATCH 

1 

4046B 

CMOS 

PHASE  LOCK  LOOP 

1 

4049 

05553 

CMOS 

BUFFER/ INVERTER 

1 

«U49A 

05303 

CMOS 

BUFFER/IHVERTER 

2  • 

4049UB 

05553 

CMOS 

BUFFER/ INVERTER 

1 

4050 

CMOS 

BUFFER/INVERTER 

i  . 

40  SOB 

05554 

CMOS 

BUFFER/ INVERTER 

i 

4051 B 

CMOS 

LINEAR  MULTIPLEXER 

l 

4052 B 

CMOS 

LINEAR  MULTIPLEXER 

i 

4053 

CMOS 

SNITCH 

i 

4053B 

1XX01 

CMOS 

SWITCH 

l 

40S3B 

IXX01 

CMOS 

SWITCH 

i 

4066 

CMOS 

SWITCH 

i 

4066B 

05852 

CMOS 

SWITCH 

l 

406  7  B 

17801 

CMOS 

LINEAR  MULTIPLEXER 

i 

4068B 

CMOS 

GATE 

i 

4069 

17401 

CMOS 

BUFFER/INVERTER 

l 

4069B 

CMOS 

BUFFER/ INVERTER 

1-2 

4069UB 

17401 

CMOS 

BUFFSR/INVERTER 

1 

4070 

CMOS 

GATE 

1 

4071B 

17101 

CMOS 

GATE 

i 

4073 B 

17003 

CMOS 

GATE 

1 

4076B 

17501 

CMOS 

FLIP-FLOP 

1 
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BASE  PART  NUMBER 

MIL-M-38510 

DEVICE 

DESCRIPTION 

CLASS 

4077B 

17204 

CMOS 

GATE 

1 

4081 B 

17001 

CMOS 

GATE 

1 

4082B 

17002 

CMOS 

GATE 

1 

408 SB 

17201 

CMOS 

GATE 

1 

4086B 

17202 

CMOS 

GATE 

1 

4093 

CMOS 

GATE 

1-2 

4093  B 

17701 

CMOS 

GATE 

1 

4099B 

17601 

CMOS 

LATCH 

1 

4116 

24001 

NMOS 

DYNAMIC  RAM 

1 

4131 

BIPOLAR 

OP  AMP 

2 

416 

NMOS 

DYNAMIC  RAM 

1 

4S02B 

17403 

CMOS 

BUFFER/ INVERTER 

1 

4S03B 

CMOS 

BUFFER/ INVERTER 

1 

4508B 

17602 

CMOS 

LATCH 

1 

4511 

CMOS 

DECODER 

1-2 

4511B 

CMOS 

DECODER 

1 

4S12B 

CMOS 

MULTIPLEXER 

1 

4S14B 

17301 

CMOS 

DECODER 

1 

4S1SB 

CMOS 

DECODER 

1 

4S16B 

18106 

CMOS 

COUNTER 

1 

4518B 

18107 

CMOS 

COUNTER 

1 

4519B 

CMOS 

GATE 

1 

4520B 

18108 

CMOS 

COUNTER 

1 

4528B 

1XX01 

CMOS 

MULTIVIBRATOR 

1 

4539B 

CMOS 

MULTIPLEXER 

1 

4555B 

17304 

JFET 

DECODER 

1 

4558 

BIPOLAR 

OP  AMP 

2 

4581B 

CMOS 

SSI/MSI 

1 

4585B 

1XX01 

CMOS 

COMPARATOR 

1 

4716 

NMOS 

DYNAMIC  RAM 

1 

4724 

CMOS 

LATCH 

1 

506 

19001 

CMOS 

LINEAR  MULTIPLEXER 

1 

508 

19007 

CMOS 

LINEAR  MULTIPLEXER 

1 

520 

MOS 

CONSUMER 

1 

532 

13X01 

BIPOLAR 

LINEAR 

1-2 

54H00 

02304 

HTTL 

GATE 

3 

54H183 

HTTL 

SSI/MSI 

3 

54LS00 

30001 

LSTTL 

GATE 

1-2 

54LS02 

30301 

LSTTL 

GATE 

1-2 

54LS03 

30002 

LSTTL 

GATE 

1-2 

54LS04 

30003 

ISTTL 

BUFFER/INVERTER 

1-2 

54LS05 

30004 

LSTTL 

BUFFER/ INVERTER 

2 

54LS08 

31004 

LSTTL 

GATE 

1-2 

54LS09 

31005 

LSTTL 

GATE 

1-2 

54LS10 

30005 

LSTTL 

GATE 

1-2 

54LS107 

30108 

LSTTL 

FLIP-FLOP 

1-2 

54LS109 

30109 

LSTTL 

FLIP-FLOP 

1-2 

54LS11 

31001 

LSTTL 

GATE 

1-2 

54LS112 

30103 

LSTTL 

FLIP-FLOP 

1-2 

54LS12 

30006 

LSTTL 

GATE 

1-2 

54LS123 

31401 

LSTTL 

MULTIVIBRATOR 

1-2 

54LS125 

32301 

LSTTL 

BUFFER/INVERTER 

1-2 

54LS126 

32302 

LSTTL 

BUFFER/ INVERTER 

1-2 

54LS138 

30701 

LSTTL 

DECODER 

1-2 

54LS139 

30702 

LSTTL 

DECODER 

1-2 

54LS14 

31302 

LSTTL 

ssi/Msi 

1-2 

34LS'  48 

36001 

LSTTL 

ENCODER 

1-2 

54LS15 

31002 

LSTTL 

GATE 

1-2 

54LS151 

30901 

LSTTL 

MULTIPLEXER 

1-2 

54 LSI 53 

30902 

LSTTL 

MULTIPLEXER 

1-2 

54LS154 

LSTTL 

DECODER 

1-2 

54LS155 

32601 

LSTTL 

DECODER 

1-2 

54LS157 

30903 

LSTTL 

MULTIPLEXER 

2 

54LS160 

31503 

LSTTL 

COUNTER 

1-2 

54LS161 

31504 

LSTTL 

COUNTER 

1-2 

54LS162 

31511 

LSTTL 

COUNTER 

1-2 

54LS163 

31512 

LSTTL 

COUNTER 

1-2 

54LS164 

30605 

LSTTL 

SHIFT  REGISTER 

1-2 

54LS165 

30608 

LSTTL 

SHIFT  REGISTER 

1-2 

54LS166 

30609 

LSTTL 

SHIFT  REGISTER 

1-2 

54LS173 

LSTTL 

FLIP-FLOP 

1-2 

54LS174 

30106 

LSTTL 

FLIP-FLOP 

1-2 

54LS175 

30107 

LSTTL 

FLIP-FLOP 

1-2 
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54LS181 

54LS192 

54LS193 

54LS194 

54LS196 

54LS197 

54LS20 

54LS21 

54LS221 

54LS240 

54LS244 

54LS245 

54LS251 

54LS253 

54LS257 

54LS259 

54LS266 

54LS27 

54LS279 

54LS280 

54LS283 

54LS295 

54LS298 

54LS299 

54LS30 

54LS32 

54LS353 

54LS367 

54LS368 

54LS37 

54LS373 

54LS374 

54LS38 

54LS390 

54LS393 

54LS40 

54LS42 

54LS51 

54LS54 

54LS670 

54LS74 

54LS75 

54LS85 

54LS86 

54LS90 

54LS92 

54LOO 

54L04 

54L74 

54502 

54503 

54504 

54505 
54S08 

54510 

54511 
54S112 
54S135 
54SX38 
54S151 
54S153 
54S157 
54S160 
548161 
54S174 
543175 
54S181 
548189 
54S20 
548200 
54822 
548251 
548257 


MIL-M-38510 


32203 

32204 
30302 

32502 

32503 
30203 
32/01 
32702 
30201 
30703 

30401 

30402 
31901 
30102 
31601 
31101 
30502 
31501 
31510 
02004 
02005 
02105 
07301 
07002 
07003 
07004 
O#u03 
07005 
08001 
0/102 
07502 
07701 
07901 
07902 
07903 


DEVICE 

DESCRIPTION 

LSTTL 

SSI/MSI 

1STTL 

COUNTER 

LSTTL 

COUNTER 

lSTTL 

SHIFT  REGISTER 

LSTTL 

COUNTER 

LSTTL 

COUNTER 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

MULTIVIBRATOR 

LSTTL 

DRIVER 

LSTTL 

DRIVER 

LSTTL 

TRANSCEIVER 

LSTTL 

multiplexer 

LSTTL 

multiplexer 

LSTTL 

multiplexer 

LSTTL 

LATCH 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

LATCH 

LSTTL 

SSI/MSI 

LSTTL 

SSI /MSI 

LSTTL 

SHIFT  REGISTER 

LSTTL 

multiplexer 

LSTTL 

SHIFT  REGISTER 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

multiplexer 

LSTTL 

buffer/inverter 

LSTTL 

BUFFER/ INVERTER 

LSTTL 

GATE 

LSTTL 

LATCH 

LSTTL 

flip-flop 

LSTTL 

GATE 

LSTTL 

COUNTER 

LSTTL 

COUNTER 

LSTTL 

GATE 

LSTTL 

ENCODER 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

SSI/MSI 

KLIP-PLOP 

LATCH 

SSI /MSI 

GATE 

COUNTER 

COUNTER 

GATE 

BUFFER/ INVERTER 

rLIP-FLOP 

GATE 

GATE 

BUFFER/INVERTER 

BUFFER/ INVERTER 

GAVE 

GATE 

GATE 

FLIP-FLOP 

GATE 

DECODER 

MULTIPLEXER 

multiplexer 

multiplexer 

COUNTER 

COUNTER 

flip-flop 

clip-flop 

SSI/KSI 

STATIC  ram 

GATE 

RAM 

GATE 

MULTIPLEXER 

multiplexer 


BASE  PART  NUMBER 

MIL-M-38510 

DEVICE 

DESCRIPTION 

CLASS 

54S2S8 

07907 

STTL 

MULTIPLEXER 

1 

54S287 

STTL 

PROM 

1 

54S288 

STTL 

PROM 

1 

54S30 

07008 

STTL 

GATE 

1 

54S32 

STTL 

GATE 

1 

54S471 

STTL 

PROM 

1 

54S472 

STTL 

PROM 

1 

54S51 

07401 

STTL 

GATE 

1 

54S573 

STTL 

PROM 

1 

34S74 

07101 

STTL 

FLIP-FLOP 

1 

54S85 

08201 

STTL 

SSI/MSI 

1 

54S86 

07501 

STTL 

GATE 

1 

5400 

00104 

TTL 

GATE 

2 

5404 

00105 

TTL 

BUFFER/INVERTER 

2 

5406 

00801 

TTL 

DRIVER 

2 

5407 

00803 

TTL 

DRIVER 

2 

54120 

TTL 

DRIVER 

2 

54128 

TTL 

DRIVER 

2 

54153 

U1403 

TTL 

MULTIPLEXER 

3 

54154 

15201 

TTL 

DECODER 

2 

54182 

01102 

TTL 

SSI/MSI 

1 

5420 

00102 

TTL 

GATE 

2 

5421 

TTL 

GATE 

2 

5425 

00403 

TTL 

GATE 

2 

5437 

00302 

TTL 

GATE 

2 

5438 

00303 

TTL 

GATE 

2 

5445 

01004 

TTL 

DECODER 

2 

5446 

01006 

TTL 

DRIVER 

2 

5483 

00602 

TTL 

SSI/MSI 

3 

55104 

10401 

BIPOLAR 

RECEIVER 

3 

55109 

13X01 

BIPOLAR 

DRIVER 

3 

55461 

12907 

TTL 

DRIVER 

2 

55462 

12908 

TTL 

DRIVER 

2 

55463 

12909 

TTL 

DRIVER 

2 

55464 

12910 

TTL 

DRIVER 

2 

555 

10901 

BIPOLAR 

LINEAR 

2 

556 

10902 

BIPOLAR 

LINEAR 

2 

5710 

IIL 

COMPARATOR 

3 

6514 

24502 

CMOS 

STATIC  RAM 

1-2 

6518 

23902 

CMOS 

RAM 

1 

6800 

40001 

NMOS 

MICROPROCESSOR 

1 

6802 

40X01 

NMOS 

MICROPROCESSOR 

1 

6821 

NMOS 

MICROPROCESSOR 

1 

6828 

NMOS 

MICROPROCESSOR 

1 

6844 

40X01 

NMOS 

MICROPROCESSOR 

1 

6845 

40X01 

NMOS 

MICROPROCESSOR 

1 

6850 

40X01 

NMOS 

MICROPROCESSOR 

1 

687  3 

40X01 

NMOS 

MICROPROCESSOR 

1 

7040 

MNOS 

EAPROM 

2 

709 

BIPOLAR 

OP  AMP 

2 

710 

BIPOLAR 

COMPARATOR 

1-2 

715 

BIPOLAR 

OP  AMP 

3-N 

/23 

BIPOLAR 

VOLTAGE  REGULATOR 

1-2 

72/09 

BIPOLAR 

OP  AMP 

M 

/33 

BIPOLAR 

AMP 

1-2 

74Fuu 

3j0oi 

ADVANCED  s 

GATE 

1 

74F04 

33002 

advanced  s 

BUFFER/ INVERTER 

1 

74F175 

34104 

ADVANCED  S 

FLIP-FLOP 

I 

74F20 

33004 

ADVANCED  S 

GATE 

1 

74HOO 

02304 

HT”. 

GATE 

2 

74H05 

HTTL 

BUFFER/ INVERTER 

N 

74H106 

HTTL 

FLIP-FLOP 

1 

74LS00 

30001 

LSTTL 

GATE 

1 

74LS02 

30301 

LSTTL 

GATE 

1-2 

74LS03 

30002 

LSTTL 

GATE 

1-2 

74LS05 

30004 

LSTTL 

BUFFER/INVERTER 

1-2 

/4LS08 

31004 

LSTTL 

GATE 

1-2 

74LS09 

31005 

LSTTL 

GATE 

1-2 

74.310 

30005 

LSTTL 

GATE 

1-1 

74LS107 

30108 

LSTTL 

FLIP-FLOP 

1-2 

74LS109 

30109 

LSTTL 

PLIF-FLOF 

1-2 

74L811 

31001 

LSTTL 

GATE 

1-2 

74LS112 

30103 

LSTTL 

FLIP-FLOP 

1-2 
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MIL-M-38510 


DEVICE  DESCRIPTION 


CLASS 


* 


1 

i 


t 


base  part  number 


74LS12 

30006 

74LS125 

32301 

74LS126 

32302 

74LS138 

30701 

74LS139 

30702 

74LS14 

31302 

74LS148 

36001 

74LS15 

31002 

/4LS151 

30901 

74LS133 

30902 

74LS154 

74LS155 

32601 

74LS157 

30903 

74LS160 

31503 

74LS161 

31504 

74LS162 

31511 

74LS163 

31512 

74LS164 

30605 

/4LS165 

30608 

74LS166 

30609 

/4LS173 

74LS174 

30106 

74LS175 

30107 

74LS181 

30801 

74LS192 

31507 

74LS193 

31508 

74LS194 

30601 

74LS196 

32001 

74LS197 

32002 

/4LS20 

30007 

74LS21 

31003 

74LS221 

31402 

74LS240 

32401 

74LS244 

32403 

74LS245 

32803 

74LS251 

30905 

74LS253 

30908 

74LS257 

30906 

74LS239 

31603 

74LS266 

30303 

74LS27 

30302 

74LS279 

31602 

/4LS280 

32901 

74LS283 

31202 

74LS295 

74LS298 

30909 

74LS299 

3XX01 

74LS30 

30009 

/4LS32 

30501 

/4LS353 

/4LS367 

32203 

74LS368 

32204 

74LS37 

.  30202 

/4LS373 

32502 

74LS374 

32503 

74LS38 

30203 

74LS390 

32701 

74LS393 

32/02 

74LS40 

30201 

74LS42 

30703 

74LS51 

30401 

74LSS4 

30402 

74LS670 

31901 

74LS74 

30102 

74LS7S 

31601 

74LS86 

30502 

74LS92 

31510 

74LOO 

02004 

74L71 

02101 

74L73 

02103 

74193 

02801 

74SOO 

07001 

74802 

07301 

LSTTL 

GATE 

lsttl 

BUFFER/ INVERTER 

LSTTL 

BUFFER/ INVERTER 

LSTTL 

DECODER 

LSTTL 

DECODER 

lsttl 

SSI /MSI 

LSTTL 

ENCODER 

LSTTL 

GATE 

LSTTL 

MULTIPLEXER 

LSTTL 

MULTIPLEXER 

LSTTL 

DECODER 

LSTTL 

DECODER 

LSTTL 

MULTIPLEXER 

LSTTL 

COUNTER 

LSTTL 

COUNTER 

LSTTL 

COUNTER 

LSTTL 

COUNTER 

LSTTL 

SHIFT  REGISTER 

LSTTL 

SHIFT  REGISTER 

LSTTL 

SHIFT  REGISTER 

LSTTL 

FLIP-FLOP 

LSTTL 

FLIP-FLOP 

lsttl 

FLIP-FLOP 

LSTTL 

SSI/MSI 

LSTTL 

COUNTER 

LSTTL 

COUNTER 

LSTTL 

SHIFT  RECISTER 

LSTTL 

COUNTER 

LSTTL 

uOUNTER 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

MULTIVIBRATOR 

LSTTL 

DRIVER 

LSTTL 

DRIVER 

LSTTL 

TRANSCEIVER 

LSTTL 

MULTIPLEXER 

LSTTL 

MULTIPLEXER 

LSTTL 

multiplexer 

LSTTL 

latch 

lsttl 

GATE 

LSTTL 

GATE 

LSTTL 

LATCH 

LSTTL 

SSI /MSI 

LSTTL 

SSI/MSI 

LSTTL 

SHIFT  REGISTER 

LSTTL 

MULTIPLEXER 

LSTTL 

SHIFT  REGISTER 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

MULTIPLEXER 

LSTTL 

BUFFER/ INVERTER 

LSTTL 

BUFFER/INVERTER 

LSTTL 

GATE 

lSTTL 

LATCH 

LSTTL 

FLIP-FLOP 

LSTTL 

GATE 

LSTTL 

COUNTER 

LSTTL 

COUNTER 

LSTTL 

GATE 

LSTTL 

ENCODER 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

SSI/KSI 

LSTTL 

FLIP-FLOP 

LSTTL 

LATCH 

LSTTL 

GATE 

LSTTL 

COUNTER 

LTTL 

GATE 

LTTL 

flip-flop 

LTTL 

FLIP-FLOP 

LTTL 

SHIFT  REGISTER 

STTL 

GATE 

sm 

GATE 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

2-3 

2-3 

2 

2-3 

1 

l 


BASE  PART 


74503 

74504 
7  4505 
74S08 

74510 

74511 
745112 
74S133 
745133 
74S140 
74S151 
745153 
74S157 
745160 
74S161 
74S174 
/4S175 
74S1SI 
/4S182 
74S189 
74S20 
74S200 
74522 
74S251 
74S257 
74S2S8 
74530 
74S32 
74S472 
74S51 
74S/4 

74585 

74586 

740 
7400 
7402 
7404 

7406 

7407 

741 
74120 
74128 
7413 
74154 
74163 
74173 
74175 
74182 
7425 

7437 

7438 

7445 

7446 
747 
7490 
75LS85 
75107 

7520 

7521 
/522 

75461 

75462 

75463 

75464 
7552 
76161 
7620 
776 
78805 
78M05 
78M12 
78M15 
7805 


NUMBER 


MIL-M-38510 


07002 
07003 
07004 
08003 
07005 
08001 
07102 
07009 
07502 
,  08101 
07901 
07902 
07903 


07105 

07106 

07801 

07802 

0/006 

0/007 

07905 

07906 

07907 

07008 


07401 

07101 

U8201 

07501 

00104 

00401 

00105 

00801 

00803 

10101 


DEVICE 

DESCRIPTION 

STTL 

GATE 

STTL 

BUFFER/INVERTER 

sm 

BUFFER/INVERTER 

STTL' 

GATE 

STTL 

GATE 

STTL 

GATE 

STTL 

FLIP-FLOP 

STTL 

GATE 

STTL 

GATE 

STTL 

GATE 

STTL 

MULTIPLEXER 

STTL 

MULTIPLEXER 

STTL 

MULTIPLEXER 

STTL 

COUNTER 

STTL 

COUNTER 

STTL 

FLIP-FLOP 

STTL 

FLIP-FLOP 

STTL 

SSI /MSI 

STTL 

SSI/MSI 

sTTL 

STATIC  RAM 

STTL 

GATE 

STTL 

RAM 

STTL 

GATE 

STTL 

MULTIPLEXER 

STTL 

MULTIPLEXER 

STTL 

MULTIPLEXER 

STTL 

GATE 

STTL 

GATE 

sTTL 

PROM 

STTL 

GATE 

STTL 

FLIP-FLOP 

STTL 

SSI/MSI 

STTL 

GATE 

BIFET 

TTL 

TTL 

TTL 

TTL 

TTL 

BIPOLAR 

TTL 


OP  AMP 
GATE 
CATE 

BUFFER/  INVERTER 
DRIVER 
DRIVER 
OP  AMP 
DRIVER 


TTL 

DRIVER 

15101 

TTL 

SSI/MSI 

15201 

TTL 

DECODER 

01304 

TTL 

COUNTER 

TTL 

FLIP-FLOP 

01702 

TTL 

FLIP-FLOP 

01102 

TTL 

SSI/MSI 

00403 

TTL 

GATE 

00302 

TTL 

GATE 

00303 

TTL 

GATE 

01004 

iTL 

DECODER 

01006  " 

iTL 

DRIVER 

BIPOLAR 

OP  AMP 

01307 

TTL 

COUNTER 

LSTTL 

SSI /MSI 

TTL 

RECEIVER 

CMOS 

CONVERTER  (D/A  A/D) 

CMOS 

CONVERTER  (D/A  A/D) 

CMOS 

CONVERTER  (D/A  A/D) 

ITL 

DRIVER 

TTL 

DRIVER 

TTL 

DRIVER 

TTL 

DRIVER 

MOS 

STATIC  RAM 

21002 

STTL 

PROM 

20401 

STTL 

PROM 

BIPOLAR 

OP  AM P 

BIPOLAR 

VOLTAGE  REGULATOR 

10702 

BIPOLAR 

VOLTAGE  REGULATOR 

10703 

BIPOLAR 

VOLTAGE  REGULATOR 

10704 

BIPOLAR 

VOLTAGE  REGULATOR 

10706 

BIPOLAR 

VOLTAGE  REGULATOR 

CLASS 


1 

1 

l 

l 

l 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 

2 
3 
2 
2 
2 
1 
2 
2 
3 
2 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 

i-2 

3 

1 

1 

1 

2 

2 

2 

2 

2 

2 

3 

2 

3 

3 

3 

3 

3 
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IASS  FAST  WNKI 


hil-m-sssio 


DEVICE  DESCRIPTION 


cuss 


/812 

10707 

BIPOLAR 

7815 

10708 

BIPOLAR 

79H12 

11502 

BIPOLAR 

79X15 

11503 

BIPOLAR 

7905 

11505 

BIPOLAR 

7912 

11506 

BIPOLAR 

7915 

11507 

BIPOLAR 

7924 

11508 

BIPOLAR 

8T26 

sm 

8T26C 

sm 

8X01 

AIL 

8039 

MM0S 

8048 

49001 

NM0S 

8080 

NM0S 

8085 

4XX01 

MHOS 

8155 

R1C114 

MHOS 

STTL 

825123 

825121 

825131 

825137 

825141 

825181 

825185 

825191 

U252708 

82534 

82587 

82288 

8253 

84S133 

8481 

8755 

8820 

9093 

9102 

914 

930 

933 

93415 

93449 

94459 

946 

948 

9614 

9615 

9616 
9900 

9908 

9909 

9910 

9911 

9912 
9930 
9932 

9944 

9945 

9946 
9948 


20702 

20302 

20402 

20602 

20802 

20904 
20902 
21002 

20905 


42X01 

07009 


03304 


03001 

03105 

23101 


03004 

03302 

10403 

10404 


sm 

sm 

sm 

sm 

sm 

sm 

sm 

sm 

sm 

sm 

sm 

sm 

NNOS 

sm 

DTL 

HMDS 

BIPOUX 

DTL 

M0S 

RTL 

DTL 

DTL 

m 

TTL 

DTL 

DTL 

DTL 

BIPOLAR 

BIPOLAR 

BIPOLAR 

IIL 

DTL 

RTL 

STL 

STL 

RTL 

V1L 

DTL 

DTL 

DTL 

I/ll 

DTL 
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VOLTAGE  REGULATOR 

3 

VOLTAGE  REGULATOR 

3 

VOLTAGE  REGULATOR 

3 

VOLTAGE  REGULATOR 

3 

VOLTAGE  REGULATOR 

3 

VOLTAGE  REGULATOR 

3 

VOLTAGE  REGULATOR 

3 

voltage  REGULATOR 

3 

TRANSCEIVER 

I 

TRANSCEIVER 

1 

LSI 

1 

MICROCOMPUTER 

l 

microcomputer 

1 

microprocessor 

X 

microprocessor 

X 

STATIC  RAM 

i 

PROM 

X 

PROM 

X 

PROM 

X 

PROM 

PROM 

1 

PROM 

X 

PROM 

1 

PROM 

1 

PROM 

1 

PROM 

i 

MULTIPLEXER 

z 

MULTIPLEXER 

3 

ROM 

Xt2 

LSI 

i-2 

GATE 

l 

GATE 

m 

EPSOM 

X 

RECEIVES 

2 

PL IP-PLOP 

3 

static  IAN 

GATE 

3 

CATE 

20 

SSI/HSI 

4 

STATIC  SAM 

l 

SSI /MSI 

3 

CATE 

3 

CATE 

l 

plip-plop 

3 

DRIVER 

2 

RECEIVER 

1-2 

DRIVER 

3 

MICROPROCESSOR 

1 

SSI /MSI 

3 

CATE 

3 

GATE 

3 

GATE 

3 

SSI/MSI 

3 

UATE 

2 

GATE 

2 

GATE 

i 

PLIP-PLOP 

2 

CATE 

3 

PLIP-PLOP 

30 

SECTION  3B 


MICROCIRCUITS  IN  MILITARY  PART  NUMBER  ORDER 


,-M-38510 

BASE  PART 

00102 

5420 

00104 

5400 

00104 

7400 

00105 

5404 

00105 

7404 

00302 

543/ 

00302 

7437 

00303 

5438 

00303 

7438 

00401 

7402 

00403 

5425 

00403 

7425 

00602 

5483 

00801 

5406 

00801 

7406 

00803 

5407 

00803 

7407 

01004 

5445 

01004 

7445 

01006 

5446 

01006 

7446 

01102 

54182 

01102 

74182 

01304 

74163 

01307 

7490 

01403 

54153 

01702 

74175 

02004 

54L00 

02004 

74LOO 

02005 

54L04 

02101 

/4L71 

02103 

74L73 

02105 

54L74 

02304 

74HOO 

02304 

54HOO 

02801 

74L95 

03001 

930 

03004 

946 

03105 

933 

03302 

948 

03304 

9093 

05001 

4011A 

05002 

4012 

05003 

402 3 A 

05051 

4011B 

05052 

401 2B 

05053 

4023B 

05101 

14013A 

05101 

401 3A 

05151 

14013B 

05151 

401 3B 

05152 

4027B 

05153 

4043B 

05202 

14001A 

05202 

4001A 

05252 

14001B 

05252 

4001 B 

05253 

4002B 

05254 

4025B 

05351 

4007 

05352 

4019B 

05353 

4030B 

05451 

4008B 

05503 

14049A 

05503 

4049A 

03553 

4049 

05553 

4049UB 

05554 

40  SOB 

05631 

401 7B 

03653 

4020B 

03633 

4024B 

03704 

4021A 

05731 

4006B 

DEVICE  DESCRIPTION 


1TL 

m 

TTL 

TTL 

JTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

TTL 

LTTL 

LTTL 

LTTL 

LTTL 

LTTL 

LTTL 

HTTL 

HTTL 

LTTL 

DTL 

DTL 

DTL 

DTL 

DTL 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 

CMOS 


GATE 

GATE 

GATE 

BUFFER/ INVERTER 

BUFFER/ INVERTER 

GATE 

GATE 

GATE 

GATE 

GATE 

GATE 

GATE 

SSI/MSI 

DRIVER 

DRIVER 

DRIVER 

DRIVER 

DECODER 

DECODER 

DRIVER 

DRIVER 

SSI/MSI 

SSI/MSI 

COUNTER 

COUNTER 

MULTIPLEXER 

FLIP-FLOP 

GATE 

CATE 

BUFFER/INVERTER 

FLIP-FLOP 

FLIP-FLOP 

FLIP-FLOP 

GATE 

GATE 

SHIFT  REGISTER 

GATE 

GATE 

SSI/MSI 

FLIP-FLOP 

FLIP-FLOP 

GATE 

GATE 

CATE 

GATE 

GATE 

GATE 

FLIP-FLOP 

FLIP-FLOP 

FLIP-FLOP 

FLIP-FLOP 

FLIP-FLOP 

LATCH 

GATE 

GATE 

GATE 

GATE 

GATE 

GATE 

BUFFER/INVERTER 

GATE 

GATE 

SSI /MSI 

BUFFER/INVERTER 

BUFFER/ INVERTER 

BUFFER/INVERTER 

BUFFER/INVERTER 

BUFFER/ INVERTER 

COUNTER 

COUNTER 

COUNTER 

SHIFT  REGISTER 

SHIFT  REGISTER 


CLASS 


2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

2 

2 

3 

2 

2 

2 

2 

2 

2 

2 

2 

1 

2 
1 
3 
3 
2 

1 

2-3 

2 

2-3 

2 

3 

2 

3 

2-3 

2-3 

1 

3 

3 

3 

2 

2 

1 

1-2 

1 

1 

2 

1-2 

2 

1 

2 

1 

1 

1 

2 

2 

1 

1 

1 

1 

1 
1 
1 

2 
I 
1 
l 
I 

1 
1 

2 
l 
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M1L-M-38510  BASE  PART  NUMBER 


DEVICE  DESCRIPTION 


05752 

4014B 

05753 

4015B 

05754 

4021 B 

05755 

403  IB 

05756 

4034B 

05852 

4066  B 

05951 

4028B 

06001 

10501 

0/001 

74SOO 

07002 

54S03 

07002 

74S03 

07003 

54S04 

07003 

74S04 

07004 

54S05 

07004 

74S05 

07005 

54S10 

07005 

74S10 

07006 

54S20 

07006 

/4S20 

07007 

54S22 

07007 

74S22 

07008 

54S30 

07008 

74S30 

07009 

84S133 

07009 

74S133 

07101 

54S74 

07101 

74S74 

07102 

54S112 

07102 

74S112 

07105 

54S174 

07105 

74S174 

07106 

54S175 

07106 

74S175 

07301 

54S02 

07301 

74S02 

07401 

54S51 

07401 

74S51 

07501 

54S86 

07501 

74S86 

07502 

54S135 

07502 

74S135 

07701 

54S138 

07801 

54S181 

0/801 

74S181 

07802 

74S182 

07901 

54SL51 

0 7901 

74S151 

07902 

54S153 

07902 

74S153 

07903 

54S157 

07903 

/4S15/ 

07905 

54S251 

07905 

74S251 

07906 

54S257 

07906 

74S257 

07907 

543258 

07907 

/4S258 

08001 

54S11 

08001 

74S11 

08003 

S4S08 

08003 

74S08 

08101 

74S140 

08201 

54S85 

08201 

74S85 

IXXOl 

4040B 

IXXOl 

4053B 

tXXOt 

4053B 

IXXOl 

4528B 

IXXOl 

458SB 

1XX02 

14053B 

10101 

741 

10103 

101A 

10107 

118 

CMOS 

SHIFT  RECISTER 

CMOS 

SHIFT  REGISTER 

CMOS 

SHIFT  REGISTER 

CMOS 

SHIFT  REGISTER 

CMOS 

SHIFT  REGISTER 

CMOS 

SWITCH 

CMOS 

DECODER 

ECL 

GATE 

STTL 

GATE 

STTL 

(iATE 

STTL 

GATE 

STTL 

BUFFER/ INVERTER 

STTL 

BUFFER/INVERTER 

STTL 

BUFFER/INVERTER 

STTL 

BUFFER/ INVERTER 

STTL 

GATE 

STTL 

GATE 

STTL 

GATE 

STTL 

GATE 

STTL 

GATE 

STTL 

GATE 

STTL 

GATE 

STTL 

CATE 

STTL 

GATE 

STTL 

GATE 

STTL 

FLIP-FLOP 

STTL 

FLIP-FLOP 

STTL 

FLIP-FLOP 

STTL 

FLIP-FLOP 

STTL 

FLIP-FLOP 

STTL 

FLIP-FLOP 

STTL 

FLIP-FLOP 

STTL 

FLIP-FLOP 

STTL 

GATE 

STTL 

GATE 

STTL 

GATE 

STTL 

GATE 

STTL 

GATE 

STTL 

GATE 

STTL 

GATE 

STTL 

CATE 

STTL 

DECODER 

STTL 

SSI /MSI 

STTL 

SSI/MSI 

STTL 

SSI /MSI 

STTL 

MULTIPLEXER 

STTL 

MULTIPLEXER 

STTL 

MULTIPLEXER 

STTL 

MULTIPLEXER 

STTL 

MULTIPLEXER 

STTL 

MULTIPLEXER 

STTL 

MULTIPLEXER 

STTL 

MULTIPLEXER 

STTL 

MULTIPLEXER 

STTL 

MULTIPLEXER 

STTL 

MULTIPLEXER 

STTL 

MULTIPLEXER 

STTL 

GATE 

STTL 

CATE 

STTL 

GATE 

STTL 

CATE 

STTL 

CATE 

STTL 

SSI/MSI 

STTL 

SSI /MSI 

CMOS 

COUNTER 

CMOS 

SWITCH 

CMOS 

SWITCH 

CMOS 

MULTIVIBRATOR 

CMOS 

COMPARATOR 

CMOS 

SWITCH 

BIPOLAR 

OP  AMP 

BIPOLAR 

OP  AMP 

BIPOLAR 

OP  AMP 

MIL-M-38310 

BASE  PART  NUMBER 

DEVICE 

DESCRIPTION 

10108 

1558 

BIPOUR 

OP  AMP 

10304 

111 

BIPOUR 

COMPARATOR 

10401 

55104 

BIPOUR 

RECEIVER 

10403 

9614 

BIPOUR 

DRIVER 

10404 

9615 

BIPOUR 

RECEIVER 

10701 

109 

BIPOUR 

VOLTAGE  REGUUTOR 

10702 

78X05 

BIPOUR 

VOLTAGE  REGUUTOR 

10703 

78M12 

BIPOUR 

VOLTAGE  REGUUTOR 

10704 

/  8X15 

BIPOUR 

VOLTAGE  REGUUTOR 

10706 

140 

BIPOUR 

VOLTAGE  REGUUTOR 

10706 

7805 

BIPOUR 

VOLTAGE  REGUUTOR 

10707 

7812 

8IP0UR 

VOLTAGE  REGUUTOR 

10708 

7815 

BIPOUR 

VOLTAGE  REGUUTOR 

10901 

555 

BIPOUR 

LINEAR 

10902 

556 

BIPOUR 

LINEAR 

11001 

348 

BIPOLAR 

OP  AMP 

11001 

148 

BIPOLAR 

OP  AMP 

11005 

124 

BIPOLAR 

OP  AMP 

11201 

339 

BIPOLAR 

COMPARATOR 

11201 

139 

BIPOLAR 

COMPARATOR 

11401 

355 

BIFET 

OP  AMP 

11401 

155 

BIFET 

OP  AMP 

11402 

356 

BIFET 

OP  AMP 

11402 

156 

BIFET 

OP  AMP 

11403 

157 

BIFET 

OP  AMP 

11502 

79M12 

BIPOLAR 

VOLTAGE  REGUUTOR 

11503 

79X15 

BIPOLAR 

VOLTAGE  REGUUTOR 

11505 

7905 

BIPOLAR 

VOLTAGE  REGUUTOR 

11506 

7912 

BIPOLAR 

VOLTAGE  REGUUTOR 

11507 

7915 

BIPOLAR 

VOLTAGE  REGUUTOR 

11508 

7924 

BIPOLAR 

VOLTAGE  REGUUTOR 

12302 

201 

,  CMOS 

SWITCH 

12304 

201 

CMOS 

SWITCH 

12501 

398 

BIFET 

LINEAR 

12501 

198 

BIFET 

LINEAR 

12907 

55461 

TTL 

DRIVER 

12908 

55462 

TTL 

DRIVER 

12909 

55463 

TTL 

DRIVER 

12910 

55464 

TTL 

DRIVER 

13X01 

532 

BIPOLAR 

LINEAR 

13X01 

55109 

BIPOLAR 

DRIVER 

14X01 

103 

BIPOLAR 

VOLTAGE  REGUUTOR 

14X01 

26LS31 

LSTTL 

DRIVER 

14XU2 

•16LS32 

LSTTL 

RECEIVER 

15101 

7413 

TTL 

SSI /MSI 

15201 

54154 

TTL 

DECODER 

15201 

74154 

TTL 

DECODER 

17001 

4081B 

CMOS 

GATE 

17002 

4082B 

CMOS 

GATE 

17003 

407  38 

CMOS 

GATE 

17101 

40718 

CMOS 

GATE 

17201 

40858 

CMOS 

GATE 

17202 

40868 

CMOS 

CATE 

1/204 

407  7B 

CMOS 

CATE 

17301 

45148 

CMOS 

DECODER 

17304 

4555B 

JFET 

DECODER 

17401 

4069 

CMOS 

BUFFER/INVERTER 

17401 

4069UB 

CMOS 

BUFFER/INVERTER 

17403 

4302B 

CMOS 

BUFFER/INVERTER 

17501 

4076B 

CMOS 

FLIP-FLOP 

1/305 

401748 

CMOS 

FLIP-FLOP 

17601 

40998 

CMOS 

UTCH 

17602 

45088 

CMOS 

UTCH 

17701 

40938 

CMOS 

GATE 

17801 

40678 

CMOS 

LINEAR  MULTIPLEXER 

17906 

401948 

CMOS 

SHIFT  REGISTER 

18X01 

40358 

CMOS 

SHIFT  REGISTER 

18X02 

40298 

CMOS 

COUNTER 

18X02 

40428 

CMOS 

UTCH 

18001 

401608 

CMOS 

COUNTER 

18002 

401618 

OIOS 

COUNTER 

18003 

401628 

CMOS 

COUNTER 

18004 

401638 

CMOS 

COUNTER 

MIL-M-38510  BASE  PART  NUMBER 


DEVICE  DESCRIPTION 


CLASS 


1 

I 

I 

1 

I 

\ 


I 


'I 

•I 

1 


1 


1 


18106 

45168 

18107 

4518B 

18108 

4520B 

18001 

506 

19007 

508 

2XX01 

2401 

2XX02 

4044 

2XX03 

2141 

20302 

82S129 

20401 

7620 

20402 

82S131 

20602 

82S137 

20702 

82S123 

20802 

82S141 

20902 

82S185 

20904 

82S181 

20905 

82S2708 

21002 

76161 

21002 

82S191 

22001 

2708 

22101 

2516 

22101 

2716 

22202 

2732 

23101 

93415 

23801 

2147 

23802 

2114 

23902 

6518 

24001 

4116 

24502 

6514 

3XX01 

54LS299 

3XX01 

74LS299 

30001 

54LS00 

30001 

74LS00 

30002 

54LS03 

30002 

/4LS03 

30003 

54LS04 

30004 

54LS05 

30004 

74LS05 

30005 

54LS10 

30005 

74LS10 

30006 

54LS12 

30006 

/4LS12 

30007 

54LS20 

30007 

74LS20 

30009 

54LS30 

30009 

74LS30 

30102 

54LS74 

30102 

74LS74 

30103 

54LS112 

30103 

74LS112 

30106 

54LS174 

30106 

74LS174 

30107 

74LS175 

30107 

54LS175 

30108 

54LS107 

3010$ 

7iLS10? 

30109 

54LS109 

30109 

74LS109 

30201 

54LS40 

30201 

74LS40 

30202 

74LS37 

30203 

54LS38 

30203 

74LS38 

30301 

54LS02 

30301 

74LS02 

30302 

54LS27 

30302 

54LS37 

30302 

74LS27 

30303 

54LS266 

30303 

74LS266 

30401 

54LS51 

30401 

74LS51 

30402 

54LS54 

CMOS 

COUNTER 

CMOS 

COUNTER 

CMOS 

COUNTER 

CMOS 

LINEAR  MULTIPLEXER 

CMOS 

LINEAR  MULTIPLEXER 

NMOS 

ROM 

CMOS 

LATCH 

NMOS 

STATIC  RAM 

STTL 

PROM 

STTL 

PROM 

STTL 

PROM 

STTL 

PROM 

STTL 

PROM 

STTL 

PROM 

STTL 

PROM 

STTL 

PROM 

STTL 

PROM 

STTL 

PROM 

STTL 

PROM 

NMOS 

EPROM 

NMOS 

EPROM 

NMOS 

EPROM 

NMOS 

EPROM 

TTL 

STATIC  RAM 

MOS 

STATIC  RAM 

MOS 

STATIC  RAM 

CMOS 

RAM 

NMOS 

DYNAMIC  RAM 

CMOS 

STATIC  RAM 

LSTTL 

SHIFT  REGISTER 

LSTTL 

SHIFT  REGISTER 

tSTTL 

GATE 

lSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

BUFFER/INVERTER 

LSTTL 

BUFFER/INVERTER 

LSTTL 

BUFFER/INVERTER 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTA 

GATE 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

flip-flop 

LSTTL 

FLIP-FLOP 

LSTTL 

FLIP-FLOP 

LSTTL 

FLIP-FLOP 

LSTTL 

FLIP-FLOP 

LSTTL 

FLIP-FLOP 

LSTTL 

FLIP-FLOP 

LSTTL 

FLIP-FLOP 

LSTTL 

FLIP-FLOP 

LSTTL 

FLIP-FLOP 

LSTTL 

FLIP-FLOP 

LSTTL 

FLIP-FLOP 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

CATE 

LSTTL 

GATE 

LSTTL 

GATE 

LSTTL 

CATE 

I 

1 

1 

1 

1 

1 

1 

3 

1 

1 

1 

1 

1 

1 

1 

2 
1 
I 
1 
1 
1 


1 

1 

1 

1-2 

1-2 

1 

1-2 

1 

1-2 

1-2 

1-2 

2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1 

1-2 

1-2 

1-2 

1-2 

1-2 

2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 

1-2 
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30402 

30301 

30501 

30502 
30502 
30601 
30601 
30605 
30605 
30608 

30608 

30609 
30609 
30701 

30701 

30702 

30702 

30703 
30703 
30801 
30801 
30901 

30901 

30902 

30902 

30903 
30903 
30905 

30905 

30906 
30906 
30908 

30908 

30909 
30909 
31001 

31001 

31002 

31002 

31003 

31003 

31004 

31004 

31005 
31005 
31101 
31202 
31202 
31302 
31302 

31401 

31402 
31402 
31501 
31503 

31503 

31504 
31504 
31507 

31507 

31508 
31508 
31510 

31510 

31511 

31511 

31512 
31512 
31601 

31601 

31602 

31602 

31603 


74LS54 

54LS32 

74LS32 

54LS86 

74LS86 

54LS194 

74LS194 

54LS164 

74LS164 

54LS165 

74LS165 

S4LS166 

74LS166 

54LS138 

74LS138 

54LS139 

74LS139 

54LS42 

74LS42 

54LS181 

74LS181 

54LS151 

74LS151 

54LS153 

74LS153 

54LS157 

74LS157 

54LS251 

74LS251 

54LS257 

74LS257 

54LS253 

74LS253 

54LS298 

74LS298 

54LS11 

74LS11 

54LS15 

74LS15 

54LS21 

74LS21 

54LS08 

74LS08 

54LS09 

74LS09 

54LS85 

54LS283 

/4LS283 

54LS14 

74LS14 

54LS123 

54LS221 

74LS221 

54LS90 

54LS160 

74LS160 

54LS161 

74LS161 

54LS192 

74LS192 

54LS193 

74LS193 

54LS92 

74LS92 

54LS162 

74LS162 

54LS163 

74LS163 

541S75 

/4LS75 

54LS279 

74LS279 

54LS259 


OEVICE 

DESCRIPTION 

CLASS 

LSTTL 

GATE 

1-2 

LSTTL 

GATE 

1-2 

LSTTL 

GATE 

1-2 

LSTTL 

GATE 

1-2 

LSTTL 

gate 

1-2 

LSTTL 

SHIFT  REGISTER 

1-2 

LSTTL 

SHIFT  REGISTER 

1-2 

LSTTL 

SHIFT  REGISTER 

1-2 

LSTTL 

SHIFT  REGISTER 

1-2 

LSTTL 

SHIFT  REGISTER 

1-2 

LSTTL 

SHIFT  REGISTER 

1-2 

LSTTL 

SHIFT  REGISTER 

1-2 

LSTTL 

SHIFT  REGISTER 

1-2 

LSTTL 

DECODER 

1-2 

LSTTL 

DECODER 

1-2 

LSTTL 

DECODER 

1-2 

LSTTL 

DECODER 

1-2 

LSTTL 

ENCODER 

1-2 

LSTTL 

ENCODER 

1-2 

LSTTL 

SSI/MSI 

1-2 

LSTTL 

SSI/MSI 

1-2 

LSTTL 

MULTIPLEXER 

1-2 

lsttl 

MULTIPLEXER 

1-2 

LSTTL 

MULTIPLEXER 

1-2 

LSTTL 

MULTIPLEXER 

1-2 

lsttl 

MULTIPLEXER 

2 

lsttl 

MULTIPLEXER 

1-2 

lsttl 

MULTIPLEXER 

1-2 

lsttl 

MULTIPLEXER 

1-2 

lsttl 

MULTIPLEXER 

1-2 

lsttl 

MULTIPLEXER 

1-2 

LSTTL 

MULTIPLEXER 

1-2 

LSTTL 

MULTIPLEXER 

1-2 

LSTTL 

MULTIPLEXER 

1-2 

LSTTL 

multiplexer 

1-2 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

lsttl 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

LSTTL 

lsttl 

LSTU 

LSTTL 


GATE 

GATE 

GATE 

GATE 

GATE 

GATE 

GATE 

GATE 

GATE 

GATE 

SSI/MSI 

SSI/MSI 

SSI/MSI 

SSI /MS  I 

SSI /MSI 

MULTIVIBRATOR 

MULTIVIBRATOR 

MULTIVIBRATOR 

COUNTER 

COUNTER 

COUNTER 

COUNTER 

COUNTER 

COUNTER 

COUNTER 

COUNTER 

COUNTER 

COUNTER 

COUNTER 

COUNTER 

COUNTER 

COUNTER 

COUNTER 

LATCH 

LATCH 

LATCH 

LATCH 

LATCH 
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DEVICE  DESCRIPTION 


CLASS 


74LS259 
SALS670 
74LS670 
54LS196 
74LS196 
54LS197 
74LS197 
54LS367 
74LS367 
54LS368 
74LS368 
S4LS12S 
74LSI2S 
54LS126 
74LS126 
S4LS240 
74LS240 
S4LS244 
74LS244 
54LS373 
74LS373 
J4LS374 
74LS374 
54LS155 
7ALS155 
54LS390 
74LS390 
54LS393 
74LS393 
54LS245 
74LS243 
54LS28U 
74LS280 
74FOO 
74P04 
74F20 
74F175 
54 LSI 48 
74LS148 
8085 
6802 

6844 

6845 
6850 
6875 
68 00 
8253 
2910 
1822 
1852 
8048 


lsttl 

LATCH 

1-2 

LSTTL 

SSI/MSI 

1-2 

LSTTL 

SSI/MSI 

1-2 

LSTTL 

COUNTER 

1-2 

LSTTL 

COUNTER 

1-2 

LSTTL 

COUNTER 

1-2 

LSTTL 

COUNTER 

1-2 

LSTTL 

SUPPER/ INVERTER 

1-2 

LSTTL 

BUFFER/ INVERTER 

1-2 

LSTTL 

BUFFER/ INVERTER 

1-2 

LSTTL 

BUFFER/ INVERTER 

1-2 

LSTTL 

BUFFER/INVSRTER 

1-2 

LSTTL 

BUFFER/ INVERTER 

1-2 

LSTTL 

BUFFER/INVERTER 

1-2 

LSTTL 

BUFFER/ INVERTER 

1-2 

LSTTL 

DRIVER 

1-2 

LSTTL 

DRIVER 

1-2 

LSTTL 

DRIVER 

1-2 

LSTTL 

DRIVER 

1-2 

LSTTL 

LATCH 

1-2 

LSTTL 

LATCH 

1-2 

LSTTL 

FLIP-FLOP 

1-2 

LSTTL 

FLIP-FLOP 

1-2 

LSTTL 

DECODER 

1-2 

LSTTL 

DECODER 

1-2 

LSTTL 

COUNTER 

1-2 

LSTTL 

COUNTER 

1-2 

LSTTL 

COUNTER 

1-2 

LSTTL 

COUNTER 

1-2 

LSTTL 

TRANSCEIVER 

1-2 

LSTTL 

TRANSCEIVER 

1-2 

LSTTL 

sSI/MSI 

1-2 

LSTTL 

SSI/MSI 

1-2 

ADVANCED  S 

GATE 

1 

ADVANCED  S 

BUFFER/INVERTER 

1 

ADVANCED  S 

GATE 

l 

ADVANCED  S 

FLIP-FLOP 

l 

LSTTL 

ENCODER 

1-2 

LSTTL 

ENCODER 

1-2 

NMOS 

MICROPROCESSOR 

1 

MHOS 

MICROPROCESSOR 

1 

MHOS 

MICROPROCESSOR 

1 

NMOS 

MICROPROCESSOR 

1 

NMOS 

MICROPROCESSOR 

1 

NMOS 

MICROPROCESSOR 

1 

NMOS 

MICROPROCESSOR 

1 

NMOS 

LSI 

1-2 

TTL 

MICROPROCESSOR 

1-2 

CMOS 

RAM 

2 

CMOS 

SSI/MSI 

1 

NMOS 

MICROCOMPUTER 

l 

SECTION  3C 


DISCRETE  COMPONENTS  IN  GENERIC  PART  NUMBER  ORDER 
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BASE  PART  NUMBER 


MI  L-S- 19500 


DEVICE  DESCRIPTION 


FD777F 

FLV104 

PLV132 

1RL60 

LNA351 

LVA356 

LVA51A 

LVA91A 

«CT2 

HE60 

MLED900 

MRS01 

MV- 108 

RMC55H 

RNC53H3322 

RNC55H68 

RN50H1692 

KN50H4532 

SD241 

SKA4504 

SKA6516 

SM692-1 

TI551 

U181A00361 
0181A00362 
0181A00371 
0181A00373 
1H1 095 


1N1124A 

104 

INI 126A 

104 

INI 202 A 

260 

1N1202A 

IN 1204 A 

260 

INI-206 

1N1614 

162 

1NI615 

162 

INI /33A 

142 

1N21B 

1N21C 

1N21F 

1N21HE 

232 

1N2158 

1N23B 

1N23D 

1N23E 

IN23F 

1N23G 

2N23RE 

1N23KE 

322 

1N25 

234 

1N25A 

1N2S1 

188 

1N233 

194 

1H2701 

1N277 

201 

1N2804B 

114 

1N2813B 

114 

1N2816B 

114 

1N2929A 

1N2970B 

124 

1N2984B 

124 

1N2985B 

124 

1N2985RB 

124 

1N2988B 

124 

1H2989B 

124 

1N2991B 

124 

1N3015B 

124 

1N3017B 

113 

1N3019B 

115 

1N3U22B 

115 

1N3023B 

115 

1N3U31B 

115 

1N3035B 

115 

SWITCHING  DIODE 
LIGHT  EMITTING  DIODE 
LIGHT  EMITTING  DIODE 
iNVBAKED  EMITTING  DIODE 
VOLTAGE  REFERENCE  DIODE 
VOLTAGE  REFERENCE  DIODE 
VOLTAGE  REFERENCE  DIODE 
VOLTAGE  REFERENCE  DIODE 
PHOTOTRAMS  I STOR  OUTPUT 
INFRARED  EMITTING  DIODE 
INFRARED  EMITTING  DIODE 
POKER  RECTIFIER 
LIGHT  EMITTING  DIODE 
METAL  FILM 
FILM  RESISTOR 
FILM  RESISTOR 
FILM  RESISTOR 
FILM  RESISTOR 
SCHOTTKY  POKER  RECTIFIER 
TRANSISTORS 
TRANSISTORS 

PNP  LOW  POKER  TRANSISTOR 
SWITCHING  DIODE 
METAL  FILM 
METAL  FILM 
METAL  FILM 
METAL  FILM 
POKER  RECTIFIER 
POKER  RECTIFIER 
POWER  RECTIFIER 
POKER  RECTIFIER 
POWER  RECTIFIER 
POKER  RECTIFIER 
POKER  RECTIFIER 
POKER  RECTIFIER 
POKER  RECTIFIER 
HIGH  VOLTACE  RECTIFIER 
MICROKAVE  DIODES 
MICROWAVE  DIODES 
MICROWAVE  DIODES 
MICROWAVE  DIODES 
RECTIPZBR 
MICROWAVE  DIODES 
MICROKAVE  DIODES 
MICROWAVE  DIODES 
MICROKAVE  DIODES 
MICROKAVE  DIODES 
MICROWAVE  DIODES 
POINT  CONTACT  DIODE 
MICROKAVE  DIODES 
MICROKAVE  DIODES 
SWITCHING  DIODE 
POWER  RECTIFIER 
RECTIFIER 
GERMANIUM  DIODE 
VOLTAGE  REGULATOR  DIODE 
VOLTAGE  REGULATOR  DIODE 
VOLTACE  REGULATOR  DIODE 
TUNNEL  DIODE 
VOLTAGE  REGULATOR  DIODE 
VOLTAGE  REGULATOR  DIODE 
VOLTAGE  REGULATOR  DIODE 
VOLTAGE  REGULATOR  DIODE 
VOLTACE  REGULATOR  DIODE 
VOLTACE  REGULATOR  DIODE 
VOLTAGE  REGULATOR  DIODE 
VOLTACE  REGULATOR  DIODE 
VOLTAGE  REGULATOR  DIODE 
VOLTAGE  REGULATOR  DIODE 
VOLTAGE  REGULATOR  DIODE 
VOLTAGE  REGULATOR  DIODE 
VOLTAGE  REGULATOR  DIODE 
VOLTAGE  REGULATOR  DIODE 


USB  FAIT  HUMBER 


MIL-S-mOO 


DEVICE  DESCRIPTION 


CLASS 


IX3037B 

115 

VOLTAGE  REGULATOR  DIODE 

* 

1H30A0B 

115 

V0LTA6E  REGULATOR  DIODE 

U 

1N30A7I 

115 

VOLTAGE  REGULATOR  DIODE 

* 

1*3064 

144 

SWITCHING  DIODE 

3 

1*3064 

144 

SWITCHING  DIODE 

H 

1*3155 

158 

VOLTAGE  REFERENCE  DIODE 

H 

1*3157 

158 

VOLTAGE  REFERENCE  DIODE 

M 

1*3189 

155 

POWER  RECTIFIER 

M 

1N3191 

155 

POWER  RECTIFIER 

N 

1N3323B 

358 

VOLTAGE  REGULATOR  DIODE 

N 

1*34  A 

GERMANIUM  DIODE 

2 

1*3595 

241 

SWITCHING  DIODE 

2-3 

1*3600 

231 

SWITCHING  DIODE 

2 

1*3821 A 

115 

VOLTAGE  REGULATOR  DIODE 

N 

1N3828A 

115 

VOLTAGE  REGULATOR  DIODE 

H 

1*3910 

308 

FAST  RECOVER!  RECTIFIER 

3 

1*4003 

POWER  RECTIFIER 

* 

1*4004 

POWER  RECTIFIER 

3 

1N400S 

POWER  RECTIFIER 

2 

1*4006 

POWER  RECTIFIER 

3 

1*4099 

435 

VOLTAGE  REGULATOR  DIODE 

3 

1*4100 

435 

VOLTAGE  REGULATOR  DIODE 

3 

1*4101 

435 

VOLTAGE  REGULATOR  DIODE 

3 

1*4103 

435 

VOLTACE  REGULATOR  DIODE 

3 

1N4112 

435 

VOLTAGE  REGULATOR  DIODE 

3 

1N4114 

435 

VOLTAGE  REGULATOR  DIODE 

3 

1*4116 

435 

VOLTAGE  REGULATOR  DIODE 

3 

1*4120 

435 

VOLTAGE  REGULATOR  DIODE 

3 

1N4121 

435 

VOLTAGE  REGULATOR  DIODE 

3 

1*4123 

435 

70LTAGE  REGULATOR  DIODE 

3 

1N4124 

435 

VOLTAGE  REGULATOR  DIODE 

3 

1N412S 

435 

VOLTAGE  REGULATOR  DIODE 

3 

1*4126 

435 

VOLTAGE  REGULATOR  DIODE 

3 

1N4127 

435 

VOLTAGE  REGULATOR  DIODE 

3 

1*4129 

435 

VOLTAGE  REGULATOR  DIODE 

3 

1*4130 

435 

VOLTAGE  REGULATOR  DIODE 

3 

1N4131 

435 

VOLTAGE  REGULATOR  DIODE 

3 

1*4132 

435 

VOLTAGE  REGULATOR  DIODE 

3 

1*4134 

435 

VOLTAGE  REGULATOR  DIODE 

3 

1*4148 

116 

SWITCHING  DIODE 

1-2 

1*4148-1 

116 

SWITCHING  DIODE 

2-3 

1*4150 

231 

SWITCHING  DIODE 

2 

1*4150-1 

231 

SWITCHING  DIODE 

2-3 

1N4151 

SWITCHING  DIODE 

H 

1*4152 

SWITCHING  DIODE 

2-3 

1*4153-1 

337 

SWITCHING  DIODE 

2 

1*4154 

SWITCHING  DIODE 

2 

1R416C 

MICROWAVE  DIODES 

2 

1*4244 

SWITCHING  DIODE 

1-2 

1*429 

299 

VOLTAGE  REGULATOR  DIODE 

H 

1*4370 

VOLTAGE  REFERENCE  DIODE 

* 

1*4385 

365 

POWER  RECTIFIER 

H 

1*4450 

SWITCHING  DIODE 

3 

1*4454 

144 

SWITCHING  DIODE 

2 

1*4465 

406 

VOLTAGE  REGULATOR  DIODE 

N 

1*4467 

406 

VOLTAGE  REGULATOR  DIODE 

N 

1*4469 

406 

VOLTAGE  REGULATOR  DIODE 

H 

1*4471 

406 

VOLTAGE  REGULATOR  DIODE 

H 

1*4474 

406 

VOLTAGE  REGULATOR  DIODE 

M 

1*4476 

406 

VOLTAGE  REGULATOR  DIODE 

R 

1R456A-1 

127 

VOLTAGE  REGULATOR  DIODE 

M 

1*4561 

114 

VOLTACE  REGULATOR  DIODE 

3 

1*457 

193 

RECTIFIER 

3 

1*459 

193 

RECTIFIER 

3-N 

1H459A 

CBNERAL  PURPOSE  DIODE 

H 

1*4614 

435 

VOLTAGE  REGULATOR  DIODE 

3 

1*4624 

435 

VOLTAGE  REGULATOR  DIODE 

R 

1*4625 

435 

VOLTAGE  REGULATOR  DIOOE 

R 

1*4626 

435 

VOLTAGE  REGULATOR  DIODE 

H 

1*4627 

435 

VOLTAGE  REGULATOR  DIODE 

* 

1*4679 

VOLTAGE  REGULATOR  DIODE 

* 

1*4683 

VOLTAGE  REGULATOR  DIODE 

3 

1*4686 

VOLTAGE  REGULATOR  DIODE 

H 

i 

i 


M 


i 'M 


285 


BASE  PAST  NUMBER 


(OL-S-19500 


DEVICE  DESCRIPTION 


CUSS 


1N46S9 

VOLTAGE  REGULATOR  DIODE 

N 

1N4691 

VOLTAGE  REGULATOR  DIODE 

N 

1N4693 

VOLTAGE  REGULATOR  DIODE 

a 

1N4696 

VOLTAGE  REGULATOR  DIODE 

H 

1N4697 

VOLTAGE  REGULATOR  DIODE 

N 

1N4727 

SWITCHING  DIODE 

3 

1N482A 

GENERAL  PURPOSE  DIODE 

N 

IN4821 

RECTIFIER 

3 

1N483B 

118 

SWITCHING  DION! 

N 

1N484A 

GENERAL  PURPOSE  DIODE 

3 

1N486 

GENERAL  PURPOSE  DIODE 

3 

1N486B 

118 

SWITCHING  DIODE 

2 

1N4905A 

VOLTAGE  REFERENCE  DIODE 

3 

1N4937 

SWITCHING  DIODE 

3 

1N4938 

169 

SWITCHING  DIODE 

3 

1N4942 

359 

FAST  RECOVERY  RECTIFIER 

N 

IN4944 

359 

FAST  RECOVERY  RECTIFIER 

N 

1N4946 

359 

FAST  RECOVERY  RECTIFIER 

N 

IN4948 

359 

FAST  RECOVERY  RECTIFIER 

N 

1N4954 

356 

VOLTAGE  REGULATOR  DIODE 

N 

1N4955 

356 

VOLTAGE  REGULATOR  DIODE 

N 

1N49S6 

356 

VOLTAGE  REGULATOR  DIODE 

N 

1N4957 

356 

VOLTAGE  REGULATOR  DIODE 

N 

1N4958 

356 

VOLTAGE  REGULATOR  DIODE 

N 

1N4960 

356 

VOLTAGE  REGULATOR  DIODE 

N 

1N4962 

356 

VOLTAGE  REGULATOR  DIODE 

N 

1N4964 

356 

VOLTAGE  REGULATOR  DIODE 

N 

1N4967 

356 

VOLTAGE  REGULATOR  DIODE 

N 

1N4969 

356 

VOLTAGE  REGULATOR  DIODE 

N 

1N4971 

356 

VOLTAGE  REGULATOR  DIODE 

N 

1N4972 

356 

VOLTAGE  REGULATOR  DIODE 

N 

1N4974 

356 

VOLTAGE  REGULATOR  DIODE 

N 

1N4976 

356 

VOLTAGE  REGULATOR  DIODE 

N 

1N4979 

356 

VOLTAGE  REGULATOR  DIODE 

N 

1N5139A 

383 

VARIABLE  CAPACITANCE  DIODE  (VARACTOR) 

2 

1NS140A 

383 

VARIABLE  CAPACITANCE  DIODE  (VARACTOR) 

3 

INS  144A 

383 

VARIABLE  CAPACITANCE  DIODE  (VARACTOR) 

3 

1NS148A 

383 

VARIABLE  CAPACITANCE  DIODE  (VARACTOR) 

N 

1N5187 

424 

FAST  RECOVERY  RECTIFIER 

N 

1N5188 

424 

FAST  RECOVERY  RECTIFIER 

N 

1N5190 

424 

FAST  RECOVERY  RECTIFIER 

N 

1N5233 

ZENER  DIODE 

N 

1N5285 

463 

CURRENT  REGULATOR  DIODE 

1-2 

1N5287 

463 

CURRENT  REGULATOR  DIODE 

N 

1N5291 

463 

CURRENT  REGULATOR  DIODE 

N 

1N5356 

ZENER  DIODE 

N 

1N537 

RECTIFIER 

N 

1N5378 

ZENER  DIODE 

N 

1N538B 

GENERAL  PURPOSE  DIODE 

N 

1N5391 

RECTIFIER 

3-N 

1N540 

202 

LOW  POWER  RECTIFIER 

3 

1NS41B 

SWITCHING  DIODE 

N 

1N5416 

411 

FAST  RECOVERY  RECTIFIER 

N 

1N5417 

411 

FAST  RECOVERY  RECTIFIER 

3 

1N5418 

411 

FAST  RECOVERY  RECTIFIER 

N 

1NS420 

411 

FAST  RECOVERY  RECTIFIER 

3 

1N5463B 

436 

VARIABLE  CAPACITANCE  DIODE  (VARACTOR) 

3 

1NS467B 

436 

VARIABLE  CAPACITANCE  DIODE  (VARACTOR) 

3 

1NS47 

202 

LOW  POWER  RECTIFIER 

N 

1NS476B 

436 

VARIABLE  CAPACITANCE  DIODE  (VARACTOR) 

N 

1N5523B 

437 

VOLTAGE  REGULATOR  DIODE 

3 

1N553 

RECTIFIER 

N 

1N55SO 

420 

POWER  RECTIFIER 

N 

1N5552 

420 

POWER  RECTIFIER 

3 

1N5554 

420 

POWER  RECTIFIER 

N 

1N5555 

434 

TRANSIENT  SUPPRESSOR  DIODE 

N 

1NSSS6 

434 

TRANSIENT  SUPPRESSOR  DIODE 

N 

INS558 

434 

TRANSIENT  SUPPRESSOR  DIODE 

N 

1N5614 

427 

POWER  RECTIFIER 

N 

1N5615 

429 

FAST  RECOVERY  RECTIFIER 

3 

1NS616 

427 

POWER  RECTIFIER 

3 

1NS617 

429 

FAST  RECOVERY  RECTIFIER 

N 

1N3618 

427 

POWER  RECTIFIER 

M 

286 


BASE  PAST  NUMBER 


MIL-S-19500 


DEVICE  DESCRIPTION 


CLASS 


1N5619 

429 

FAST  RECOVERY  RECTIFIER 

N 

1N5622 

427 

POWER  RECTIFIER 

3-N 

1N5623 

429 

FAST  RECOVERY  RECTIFIER 

N 

1N5711 

444 

SCHOTTEY  BARRIER  (HOT  CARRIER)  DIODE 

1 

1NS712 

445 

SWITCHING  DIODE 

1-2 

1N6A 

GENERAL  PURPOSE  DIODE 

2-3 

1N643A 

SWITCHING  DIODE 

2 

1N645 

240 

LOW  POWER  RECTIFIER 

3 

1N645-1 

240 

LOW  POWER  RECTIFIER 

2 

1N646 

LOW  POWER  RECTIFIER 

N 

1N647 

240 

LOW  POWER  RECTIFIER 

N 

1N647-1 

240 

LOW  POWER  RECTIFIER 

2 

1N6471 

552 

TRANSIENT  SUPPRESSOR  DIODE 

N 

1N649 

240 

LOW  POWER  RECTIFIER 

3 

1N6S8 

257 

SWITCHING  DIODE 

N 

1N6601 

SWITCHING  DIODE 

3 

1N661 

285 

SWITCHING  DIODE 

3 

IN6621 

SWITCHING  DIODE 

3 

1N702A 

ZENER  DIODE 

N 

1N711A 

ZENER  DIODE 

N 

1N746A 

127 

VOLTAGE  REGULATOR  DIODE 

N 

1N750A 

127 

VOLTAGE  REGULATOR  DIODE 

N 

1N751A 

127 

VOLTAGE  REGULATOR  DIODE 

N 

1N752A 

127 

VOLTAGE  REGULATOR  DIODE 

N 

IN/ 53A 

127 

VOLTAGE  REGULATOR  DIODE 

N 

1N753A-1 

127 

VOLTAGE  REGULATOR  DIODE 

N 

1N754A 

127 

VOLTAGE  REGULATOR  DIODE 

N 

1N754A-1 

127 

VOLTAGE  REGULATOR  DIODE 

N 

1N755A 

127 

VOLTAGE  REGULATOR  DIODE 

N 

1N755A-1 

127 

VOLTAGE  REGULATOR  DIODE 

N 

1N756 

VOLTAGE  REGULATOR  DIODE 

N 

1N/56A 

127 

VOLTAGE  REGULATOR  DIODE 

N 

1N757A 

127 

VOLTAGE  REGULATOR  DIODE 

N 

1N757A-1 

127 

VOLTAGE  REGULATOR  DIODE 

N 

1N758A 

127 

VOLTAGE  REGULATOR  DIODE 

N 

1N/58A-1 

127 

VOLTAGE  REGULATOR  DIODE 

N 

1N/59A 

12/ 

VOLTAGE  REGULATOR  DIODE 

N 

1N/59A-1 

127 

VOLTAGE  REGULATOR  DIODE 

N 

1N763-2 

ZENER  DIODE 

N 

1N78B 

MICROWAVE  DIODES 

1 

1N78CR 

130 

MICROWAVE  DIODES 

3 

1N78D 

MICROWAVE  DIODES 

1-2 

1N781 

MICROWAVE  DIODES 

1 

1N8I6 

199 

VOLTAGE  REGULATOR  DIODE 

N 

1N82A 

POINT  CONTACT  DIODE 

1 

1N82AI 

POINT  CONTACT  DIODE 

1-2 

1N821 

159 

VOLTAGE  REFERENCE  DIODE 

N 

IN823 

159 

VOLTAGE  REFERENCE  DIODE 

M 

1N827 

159 

VOLTAGE  REFERENCE  DIODE 

N 

1N829 

159 

VOLTAGE  REFERENCE  DIODE 

3 

1N914 

116 

SWITCHING  DIODE 

3 

1N916 

SWITCHING  DIODE 

N 

1N933J 

GENERAL  PURPOSE  DIODE 

3 

1N938B 

156 

VOLTAGE  REFERENCE  DIODE 

3 

1N941B 

157 

VOLTAGE  REFERENCE  DIODE 

3 

1N943B 

157 

VOLTAGE  REFERENCE  DIODE 

N 

1N944B 

157 

VOLTAGE  REFERENCE  DIODE 

N 

1N945B 

157 

VOLTAGE  REFERENCE  DIODE 

N 

1N9S6B 

VARIABLE  CAPACITANCE  DIODE  (VARACTOR) 

N 

1N963B 

117 

VOLTAGE  REGULATOR  DIODE 

N 

1N964B 

117 

VOLTAGE  REGULATOR  DIODE 

N 

IN965B 

117 

VOLTAGE  REGULATOR  DIODE 

N 

1N965B-1 

117 

VOLTAGE  REGULATOR  DIODE 

N 

1N967 

VOLTAGE  REGULATOR  DIODE 

N 

1N967B-1 

117 

VOLTAGE  REGULATOR  DIODE 

N 

1N968B 

117 

VOLTAGE  REGULATOR  DIODE 

3 

IN970B 

117 

VOLTACE  REGULATOR  DIODE 

N 

1N972B 

117 

VOLTAGE  REGULATOR  DIODE 

N 

XN973B 

117 

VOLTAGE  REGULATOR  DIODE 

N 

1H974B 

117 

VOLTAGE  REGULATOR  DIODE 

H 

1N981B 

117 

VOLTAGE  REGULATOR  DIODE 

N 

2N1016B 

102 

NPN  HIGH  POWER  TRANSISTOR 

N 

2N1039 

089 

PNP  LOW  POWER  TRANSISTOR,  GERMANIUM 

N 

287 


USB  VAST  BUMBBB 

MIL-1-19300 

DEVICE  DESCSimO* 

CLASS 

2B1099 

P*P  HIGH  POKE*  TBAKSISTOE,  CERMAKIUH 

■ 

2*1115 

P«r  LON  pom  TBAKSISTOE,  GEEMAVIOM 

* 

2*1 115A 

HP*  LOW  POKES  TBAMSISTOB 

* 

2*1118 

138 

PXP  LOW  POKES  TBAKSISTOE 

3 

2*1132 

177 

PH?  LOW  POKES  TBAMSISTOS 

3 

2V1132A 

VHP  LOW  POKES  TBAXSISTOB 

3 

2*1204 

PXP  LOW  POKES  TkANSISTOR,  GEBMAXIUM 

2 

2*1308 

126 

HP*  LOW  POKES  TSANSISTOE,  CESMAKIDM 

2 

2*1489 

0/8 

PXP  LOW  POKES  TSANSISTOE,  GERMANIUM 

* 

2*1485 

180 

KPN  LOW  POWER  TRANSISTOR 

* 

2*1488 

180 

NFN  LOW  POWER  TRANSISTOR 

* 

2*1598 

TRIODE,  POWER,  REVERSE  BLOCKING  (SCR) 

N 

2*1602 

iRIODE,  POWER,  REVERSE  BLOCKING  (SCR) 

N 

2*1613 

181 

NPN  LOW  POWER  TRANSISTOR 

N 

2*1642 

MISCELLANEOUS  TRANSISTORS 

3 

2*1711 

223 

NPN  LOW  POWER  TRANSISTOR 

3 

2*176 

PNP  HIGH  POWER  TRANSISTOR,  GERMANIUM 

H 

2H1774A 

168 

TRIODE,  POWER,  REVERSE  BLOCKING  (SCR) 

3 

2*1 7 7 7A 

168 

TRIODE,  POWER,  REVERSE  BLOCKING  (SCR) 

N 

2*1893 

182 

NPN  LOW  POWER  TRANSISTOR 

N 

2*190 

PNP  LOW  POWER  TRANSISTOR,  GERMANIUM 

N 

2*2060 

270 

DIFFERENTIAL  AMPLIPIER-NPN 

3 

2*2102 

NPN  HIGH  POWER  TRANSISTOR 

N 

2*2151 

277 

NPN  HIGH  POWER  TRANSISTOR 

N 

2*2198 

NPN  LOW  POWER  TRANSISTOR 

N 

2R2219A 

231 

NPN  LOW  POWER  TRANSISTOR 

3 

'  2*2222 

235 

NPN  LOW  POWER  TRANSISTOR 

3 

2N7222A 

235 

NPN  LOW  POWER  TRANSISTOR 

3 

2*2297 

NPN  LON  POWER  TRANSISTOR 

N 

2H2323 

276 

TRIODE,  POWER,  REVERSE  BLOCKING  (SCR) 

3-N 

2N2346 

TRIODE,  POWER,  REVERSE  BLOCKING  (SCR) 

N 

282369A 

317 

NPN  LOW  POWER  TRANSISTOR 

2 

2N240S 

NPN  HIGH  POWER  TRANSISTOR 

3 

2*2432 

313 

NPN  CHOPPER  TRANSISTOR-DUAL  EMITTER 

3 

2N2432A 

313 

NPN  CHOPPER  TRANSISTOR-DUAL  EMITTER 

2 

2*2453 

NPN  LOW  POWER  TRANSISTOR 

3 

2*2481 

268 

NPN  LOW  POWER  TRANSISTOR 

2-3 

2*2483 

NPN  LOW  POWER  TRANSISTOR 

3 

2*2484 

3/6 

NPN  LOW  POWER  TRANSISTOR 

3 

2*2540 

NPN  LOW  POWER  TRANSISTOR 

3 

2*2608 

295 

JFST  P -CHANNEL 

2 

2*2609 

296 

JFBT  P -CHANNEL 

2 

2*2708 

302 

NPN  LOW  POWER  TRANSISTOR 

2 

2*2801 

PNP  LOW  POWER  TRANSISTOR 

3 

2*2857 

343 

NPN  RF  TRANSISTOR 

2 

2*2894 

PNP  LOW  POWER  TRANSISTOR 

3 

2*2 904 A 

290 

PNP  LOW  POWER  TRANSISTOR 

3 

2*2905 

290 

PNP  LOW  POWER  TRANSISTOR 

3 

2*2 90 5 A 

290 

PNP  LOW  POWER  TRANSISTOR 

3 

2*2906 

291 

PNP  LOW  POWER  TRANSISTOR 

3 

2*2907 

PNP  LOW  POWER  TRANSISTOR 

3 

2*2 907A 

291 

PNP  LOW  POWER  TRANSISTOR 

3 

2*2920 

355 

DIFFERENTIAL  AMPLIPIER-NPN 

3 

2*2945 

PNP  LOW  POWER  TRANSISTOR 

2 

2N2946A 

382 

PNP  CHOPPER  TRANSISTOR 

3 

2*297 A 

036 

PNP  HIGH  POKER  TRANSISTOR,  GERMANIUM 

N 

2*3019 

391 

NPN  LOW  POWER  TRANSISTOR 

3 

2*3030 

419 

TRIODE,  POWER,  REVERSE  BLOCKING  (SCR) 

3 

2*3055 

407 

NPN  HIGH  POWER  TRANSISTOR 

N 

2*3057 

KPN  LOW  POWER  TRANSISTOR 

3 

2*3112 

JFET  P-CHANNEL 

2 

2*3114 

NPN  LOW  POWER  TRANSISTOR 

3 

2*3117 

HP*  LOW  POWER  TRANSISTOR 

3 

2R3250A 

323 

PNP  LOW  POWER  TRANSISTOR 

3 

2*3251 

PNP  LOW  POWER  TRANSISTOR 

3 

2S32S1A 

323 

PNP  LOW  POWER  TRANSISTOR 

2 

2X3253 

347 

NPN  HIGH  POWER  TRANSISTOR 

3 

2*329 

PNP  LOW  POWER  TRANSISTOR 

3 

2X333 

037 

nPN  LOW  POWER  TRANSISTOR 

* 

2*336 

037 

NPN  LOW  POWER  TRANSISTOR 

N 

2H336A 

037 

NPN  LOW  POWER  TRANSISTOR 

* 

2*3373 

341 

RP*  RF  TRANSISTOR 

* 

2*338 

069 

PNP  LOW  POWER  TRANSISTOR,  CERMAKIUM 

3 

288 


USE  PART  NUMBER 

M1L-S-19500 

DEVICE  DESCRIPTION 

CLASS 

2113*3 

016 

NT*  LOU  POWER  TRANSISTOR 

3 

2113*39 

368 

*P*  LOU  POWER  TRANSISTOR 

3 

2N3**0 

368 

NPN  LOU  POWER  TRANSISTOR 

3 

2N3*68 

3*8 

PMP  LOU  POWER  TRANSISTOR 

N 

2N3*86A 

392 

PUP  LOU  POWER  TRANSISTOR 

3 

2N3498 

366 

NPN  LOU  POWER  TRANSISTOR 

3 

2N3SOO 

366 

NPK  LOU  POWER  TRANSISTOR 

3 

2M3301 

366 

HP*  LOU  POWER  TRANSISTOR 

3 

2N3303 

PNP  LOU  POWER  TRANSISTOR 

3-* 

2*3507 

3*9 

NPN  LOU  POWER  TRANSISTOR 

* 

2*3553 

341 

NPN  RF  TRANSISTOR 

* 

2N3S70 

NPN  LOU  POWER  TRANSISTOR 

2 

2*3584 

384 

NPN  HIGH  POWER  TRANSISTOR  » 

N 

2*3585 

38* 

*PN  HIGH  POWER  TRANSISTOR 

* 

2*3*31 

BOSPET  (IGPBT)  N-CHANNEL 

1 

2*3635 

357 

PSP  LOW  POWER  TRANSISTOR 

3 

2*3*36 

357 

PNP  LOU  POWER  TRANSISTOR 

* 

2*3637 

357 

PNP  LOU  POWER  TRANSISTOR 

3 

2*3677 

PNP  LOU  POWER  TRANSISTOR 

3 

2*3700 

391 

NPN  LOU  POWER  TRANSISTOR 

3-* 

2*3715 

*08 

NPN  HIGH  POWER  TRANSISTOR 

* 

2N3716 

*08 

NPN  HIGH  POWER  TRANSISTOR 

* 

2*3735 

395 

NPN  LOW  POWER  TRANSISTOR 

3 

2*3737 

395 

NPN  LOW  POWER  TRANSISTOR 

3 

2*3739 

*02 

NPN  HIGH  POWER  TRANSISTOR 

H 

2*37*1 

4*1 

PNP  HIGH  POWER  TRANSISTOR 

N 

2*375 

PNP  HICH  POWER  TRANSISTOR,  GERMANIUM 

N 

2*3763 

396 

PNP  LOW  POWER  TRANSISTOR 

3 

2*3765 

396 

PNP  LOW  POWER  TRANSISTOR 

3 

2*3772 

*13 

NPN  HIGH  POWER  TRANSISTOR 

M 

2*3791 

379 

PNP  HIGH  POWER  TRANSISTOR 

N 

2*3799 

PSP  LOW  POWER  TRANSISTOR 

3 

2*3810 

336 

COMPLEMENTARY  PNP  TRANSISTOR 

3 

2N3811 

336 

COMPLEMENTARY  PNP  TRANSISTOR 

3 

2*3821 

375 

NOS  PET  (IGPET)  N-CHANNEL 

2-3 

2N3822 

375 

MOSFET  (IGPET)  N-CHANNEL 

3 

2*3823 

375 

MOSFET  (IGPET)  N-CHANNEL 

2 

2*3866 

398 

NPN  RP  TRANSISTOR 

N 

2N3866A 

398 

NPN  RF  TRANSISTOR 

3 

2N3868 

350 

PNP  LOW  POWER  TRANSISTOR 

N 

2*389 

173 

NPN  HIGH  POWER  TRANSISTOR 

N 

2*3902 

371 

NPN  HIGH  POWER  TRANSISTOR 

N 

2N3960 

399 

NPN  LOW  POWER  TRANSISTOR 

2 

2*396* 

PNP  LOW  POWER  TRANSISTOR 

3 

2N3971 

JPET  N-CHANNEL 

1 

2*3997 

37* 

NPN  HIGH  POWER  TRANSISTOR 

2-3 

2**033 

512 

PNP  LOW  POWER  TRANSISTOR 

3-* 

2**036 

PNP  HIGH  POWER  TRANSISTOR 

3 

2**1 ISA 

JPET  N-CHANNEL 

1 

2*4134 

»PN  LOW  POWER  TRANSISTOR 

2 

2**150 

39* 

NPN  LOW  POWER  TRANSISTOR 

2 

2**251 

NPN  LOW  POWER  TRANSISTOR 

2 

2**303 

JPET  N-CHANNEL 

2 

2**393 

JPET  N-CHANNEL 

N 

2*4*05 

*48 

PNP  LOW  POWER  TRANSISTOR 

3 

2*4*16 

MOSFET  (IGPET)  N-CHANNEL 

1 

2K4416A 

428 

MOSFET  (IGPET)  N-CHANNEL 

3 

2*463 

070 

PNP  HIGH  POWER  TRANSISTOR,  GERMANIUM 

N 

2**856 

385 

MOSFET  (IGPET)  N-CHANNEL 

3 

2*4858 

385 

MOSFET  (IGPET)  N-CHANNEL 

3 

2**872 

PNP  LOW  POWER  TRANSISTOR 

3 

2*491 

UNIJUNCTION  TRANSISTOR 

N 

2*4931 

397 

PNP  LOW  POWER  TRANSISTOR 

3 

2*4948 

388 

UNIJUNCTION  TRANSISTOR 

2 

2R495A 

PNP  LOW  POWER  TRANSISTOR 

1 

2**957 

*26 

PNP  LOW  POWER  TRANSISTOR 

2 

2**98 

07* 

PNP  LOW  POWER  TRANSISTOR,  GERMANIUM 

H 

2*5036 

NPN  LOW  POWER  TRANSISTOR 

3 

2*5038 

439 

NPN  HIGH  POWER  TRANSISTOR 

N 

2*5109 

*53 

NPN  RP  TRANSISTOR 

3 

2*511* 

*76 

JPET  P -CHANNEL 

3 

2*5154 

5*4 

NPN  LOW  POWER  TRANSISTOR 

N 

2*5157 

3/1 

NPN  HICH  POWER  TRANSISTOR 

N 

289 


BASE  PAST  NUMBER 


HIL-S-19500 


DEVICE  DESCRIPTION 


CLASS 


2N5241 

414 

NPN  HIGH  POKER  TRANSISTOR 

2N5245 

JFET  H -CHANNEL 

2N526 

060 

PNP  LOW  POKER  TRANSISTOR,  GERMANIUM 

2NS302 

456 

NPN  HIGH  POKER  TRANSISTOR 

2N5415 

485 

PNP  LOW  POKER  TRAN8ZST0R 

2N5416 

485 

PNP  LOW  POKER  TRANSISTOR 

2N5524 

JFET  N-CHANNEL 

2N5663 

454 

NPN  HIGH  POKER  TRANSISTOR 

2N5682 

NPN  HIGH  POKER  TRANSISTOR 

2N5745 

433 

PNP  HIGH  POKER  TRANSISTOR 

2N576A 

NPN  LOW  POKER  TRANSISTOR,  GERMANIUM 

2N598 

197 

PNP  LOW  POWER  TRANSISTOR,  GERMANIUM 

2N60S2 

501 

PNP  DARLINGTON  TRANSISTOR 

2N6059 

|02 

NPN  DARLINGTON  TRANSISTOR 

2N618 

PNP  HIGH  POWER  TRANSISTOR,  GERMANIUM 

2N6212 

461 

PNP  HIGH  POKER  TRANSISTOR 

2N6S6 

074 

PNP  LOW  POWER  TRANSISTOR,  GERMANIUM 

2N657 

0/4 

PNP  LOW  POWER  TRANSISTOR,  GERMANIUM 

2N657A 

NPN  HIGH  POWER  TRANSISTOR 

2N685 

108 

TRIODE,  POWER,  REVERSE  BLOCKING  (SCR) 

2N687 

108 

TRIODE,  POWER,  REVERSE  BLOCKING  (SCR) 

2N697 

099 

NPN  LOW  POWER  TRANSISTOR 

2N699 

NPN  LOW  POWER  TRANSISTOR 

2N706 

120 

NPN  LOW  POWER  TRANSISTOR 

2N708 

312 

NPN  LOW  POWER  TRANSISTOR 

2N718A 

181 

NPN  LOW  POWER  TRANSISTOR 

2N736 

NPN  LOW  POWER  TRANSISTOR 

2N760 

NPN  LOW  POWER  TRANSISTOR 

2N834 

NPN  LOW  POWER  TRANSISTOR 

2N859 

PNP  LOW  POWER  TRANSISTOR 

2N869A 

283 

PNP  LOW  POWER  TRANSISTOR 

2NH86A 

TRIODE,  POWER,  REVERSE  BLOCKING  (SCR) 

2N916 

2/1 

NPN  LOW  POWER  TRANSISTOR 

2N918 

301 

NPN  RF  TRANSISTOR 

2N927 

PNP  LOW  POKER  TRANSISTOR 

2N930 

253 

NPN  LON  POKER  TRANSISTOR 

2N930A 

NPN  LOH  POKER  TRANSISTOR 

2N956 

NPN  LOW  POWER  TRANSISTOR 

3N128 

nOSFET  (ICFBT)  N-CHANNEL 

3N170 

MOSFET  (IGPET)  N-CHANNEL 

5082-4885 

LIGHT  EMITTING  DIODE 

899-1 -R 

THIN  FILM 

3 

2 

N 

N 

N 

3 

2- 3 
N 

3 

B 

3 

N 

N 

N 

M 

3- N 
3 

N 

N 

N 

N 

3 

3 

2 

2-3 

3 

3 

3 

2 

3 

3 

2 

3 

2 

3 

3 

2-3 

3 

1 

1 

3 

2 
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SECTION  30 


DISCRETE  COMPONENTS  IN  MILITARY  PART  NUMBER  ORDER 


MIL-S-19500  BASE  PART  NUMBER 


DEVICE  DESCRIPTION 


CLASS 


016 

2N343 

036 

2N297A 

037 

2N335 

037 

2N336 

037 

2N336A 

060 

2N526 

069 

2N338 

070 

2N463 

07  4 

2N498 

074 

2N656 

074 

2N657 

078 

2N1469 

089 

2N1039 

099 

2N697 

102 

2N1016B 

104 

INI 124A 

104 

1N1126A 

108 

2N685 

108 

2N687 

114 

1N2804B 

114 

1N2813B 

114 

1N2816B 

114 

1N4561 

115 

1N3025B 

115 

1N3017B 

115 

1N3019B 

115 

1N3022B 

115 

1N3031B 

115 

1N3035B 

115 

1N3037B 

115 

1N3040B 

115 

1N3047B 

115 

1N3821A 

115 

1N38Z8A 

116 

1N4148 

116 

1N4148-1 

116 

1N914 

117 

1N963B 

117 

1N964B 

117 

1N965B 

117 

1N965B-1 

117 

1N9678-1 

117 

1N968B 

117 

1N970B 

117 

1N972B 

117 

1N973B 

117 

1N974B 

117 

1N981B 

118 

1N483B 

118 

1N486B 

120 

2N/06 

124 

1N2989B 

124 

1N2970B 

124 

1N2984B 

124 

1N2985B 

124 

1N2985RB 

124 

1N2988B 

124 

1N2991B 

124 

1N3015B 

126 

2N1308 

127 

1N746A 

127 

IN750A 

127 

1N751A 

127 

1N752A 

127 

1N753A 

127 

1N753A-1 

127 

1N754A 

127 

1N754A-1 

127 

1N755A 

127 

IN7J5A-1 

127 

1N756A 

127 

1N456A-1 

127 

1N757A 

NPN  LOW  POWER  TRANSISTOR  3 

PNP  HIGH  POWER  TRANSISTOR,  GERMANIUM  N 

NPN  LOW  POWER  TRANSISTOR  N 

NPN  LOW  POWER  TRANSISTOR  N 

NPN  LOW  POWER  TRANSISTOR  N 

PNP  LOW  POWER  TRANSIStCiK,  GERMANIUM  N 

PNP  LOW  POWER  TRANSISTOR,  GERMANIUM  3 

PNP  HIGH  POWER  TRANSISTOR,  GERMANIUM  N 

PNP  LOW  POWER  TRANSISTOR,  GERMANIUM  N 

PNP  LOW  POWER  TRANSISTOR,  GERMANIUM  3 

PNP  LOW  POWER  TRANSISTOR,  GERMANIUM  N 

PNP  LOW  POWER  TRANSISTOR,  GERMANIUM  N 

PNP  LOW  POWER  TRANSISTOR,  GERMANIUM  N 

NPN  LOW  POWER  TRANSISTOR  3 

NPN  HIGH  POWER  TRANSISTOR  N 

POWER  RECTIFIER  N 

POWER  RECTIFIER  N 

TRIODE,  POWER,  REVERSE  BLOCKING  (SCR)  N 

TRIODE,  POWER,  REVERSE  BLOCKING  (SCR)  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  3 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

SWITCHING  DIODE  1-2 

SWITCHING  DIODE  2-3 

SWITCHING  DIODE  3 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  IODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  3 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

SWITCHING  DIODE  » 

SWITCHING  DIODE  2 

NPN  LOW  POWER  TRANSISTOR 
VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE  « 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

NPN  LOW  POWER  TRANSISTOR,  GERMANIUM  2 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  » 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 

VOLTAGE  REGULATOR  DIODE  N 


292 


rM  SB  SB  SB 


I 


HIL-S-19500  BASE  PART  NUMBER 


DEVICE  DESCRIPTION 


CLASS 


i 


127 

1N757A-1 

127 

1N758A 

127 

1N758A-1 

127 

1N759A 

127 

1N759A-1 

130 

1N78CR 

138 

2N1118 

142 

1N1733A 

144 

1N3064 

144 

1N3064 

144 

1N4454 

155 

1N3189 

155 

1N3191 

156 

1N938B 

157 

1N941B 

157 

1N943B 

157 

1N944B 

157 

1N945B 

158 

1N3155 

158 

1N3157 

159 

1N821 

159 

1N823 

159 

IN827 

159 

1N829 

162 

1N1614 

162 

1N1615 

168 

2N1774A 

168 

2N1777A 

169 

1N4938 

173 

2N389 

177 

2N1132 

180 

2N1485 

18U 

2N1486 

181 

2N1613 

181 

2N718A 

182 

2N1893 

188 

1N251 

193 

1N457 

.93 

1N459 

194 

1N253 

197 

2N598 

199 

1N816 

201 

1N277 

202 

1N540 

202 

1N547 

225 

2N1711 

231 

1N3600 

231 

1N4150 

231 

1N4150-1 

232 

1N21WE 

234 

1N25 

240 

1N645 

240 

1N645-1 

240 

1N64/ 

240 

1N647-1 

240 

1N649 

241 

1N3595 

251 

2N2219A 

253 

2N930 

255 

2N2222 

255 

2N2222A 

257 

1N658 

260 

1N1202A 

260 

1N1204A 

268 

2N2481 

270 

2N2060 

271 

2N916 

276 

2N2323 

277 

2N2151 

283 

2N86?A 

285 

1N661 

290 

2N2904A 

290 

2N2905 

VOLTAGE  REGULATOR  DIODE 
VOLTAGE  REGULATOR  DIODE 
VOLTAGE  REGULATOR  DIODE 
VOLTAGE  REGULATOR  DIODE 
VOLTAGE  REGULATOR  DIODE 
MICROWAVE  DIODES 
PNP  LOW  POWER  TRANSISTOR 
HIGH  VOLTAGE  RECTIFIER 
SWITCHING  DIODE 
SWITCHING  DIODE 
SWITCHING  DIODE 
POWER  RECTIFIER 
POWER  RECTIFIER 
VOLTAGE  REFERENCE  DIODE 
VOLTAGE  REFERENCE  DIODE 
VOLTAGE  REFERENCE  DIODE 
VOLTAGE  REFERENCE  DIODE 
VOLTAGE  REFERENCE  DIODE 
VOLTAGE  REFERENCE  DIODE 
VOLTAGE  REFERENCE  DIODE 
VOLTAGE  REFERENCE  DIODE 
VOLTAGE  REFERENCE  DIODE 
VOLTAGE  REFERENCE  DIODE 
VOLTAGE  REFERENCE  DIODE 
POWER  RECTIFIER 
POWER  RECTIFIER 

TRIODE,  POWER,  REVERSE  BLOCKING  (SCR) 

TRIODE,  POWER,  REVERSE  BLOCKING  (SCR) 

SWITCHING  DIODE 

NPN  HIGH  POWER  TRANSISTOR 

PNP  LOW  POWER  TRANSISTOR 

NPN  LOW  POWER  TRANSISTOR 

NPN  LOW  POWER  TRANSISTOR 

NPN  LOW  POWER  TRANSISTOR 

NPN  LOW  POWER  TRANSISTOR 

NPN  LOW  POWER  TRANSISTOR 

SWITCHING  DIODE 

RECTIFIER 

RECTIFIER 

POWER  RECTIFIER 

PNP  LOW  POWER  TRANSISTOR,  GERMANIUM 

VOLTAGE  REGULATOR  DIODE 

GERMANIUM  DIODE 

LOW  POWER  RECTIFIER 

LOW  POWER  RECTIFIER 

NPN  LOW  POWER  TRANSISTOR 

SWITCHING  DIODE 

SWITCHING  DIODE 

SWITCHING  DIODE 

MICROWAVE  FIODES 

MICROWAVE  DIODES 

LOW  POWER  RECTIFIER 

LOW  POWER  RECTIFIER 

LOW  POWER  RECTIFIER 

LOW  POWER  RECTIFIER 

LOW  POWER  RECTIFIER 

SWITCHING  DIODE 

NPN  LOW  .POWER  TRANSISTOR 

NPN  LOW  POWER  TRANSISTOR 

NPN  LOW  POWER  TRANSISTOR 

NPN  LOW  POWER  TRANSISTOR 

SWITCHING  DIODE 

POWER  RECTIFIER 

POWER  RECTIFIER 

NPN  LOW  POWER  TRANSISTOR 

DIFFERENTIAL  AMPLIFIER-NPN 

NPN  LOW  POWER  TRANSISTOR 

TRIODE,  POWER,  REVERSE  BLOCKING  (SCR) 

NPN  HIGH  POWER  TRANSISTOR 

PNP  LOW  POWER  TRANSISTOR 

SWITCHING  DIODE 

PNP  LOW  POWER  TRANSISTOR 

PNP  LOW  POWER  TRANSISTOR 


N 

N 

N 

N 

N 

3 

3 

N 

3 

N 

2 

N 

N 

3 

3 

N 

N 

N 

N 

N 

N 

N 

N 

3 

N 

N 


3 

n 

N 

N 

3 

N 

2 

3 

3-N 

N 

N 

N 

2 

3 

N 

3 

2 

2 

2-3 

2 

3 

3 

2 

n 

2 

3 

2-3 

3 

3 

3 

3 

N 

N 

N 

2- 3 
3 

3 

3- N 
N 

3 

3 

3 

3 
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Z  USB  U 


MIL-S-19500  BASE  PART  NUMBER 


DEVICE  DESCRIPTION 


CLASS 


290 

2N2905A 

291 

2N2906 

291 

2N2907A 

295 

2N2608 

296 

2N2609 

299 

1N429 

301 

2N918 

302 

2N2708 

308 

1N3910 

312 

2N708 

313 

2N2432 

313 

2N2432A 

317 

2N2369A 

322 

1N23WE 

323 

2N3250A 

323 

2N3251A 

336 

2N3810 

336 

2N38U 

337 

1N4153-1 

341 

2N3375 

341 

2N3553 

343 

2N2857 

347 

2N3253 

348 

2N3468 

349 

2N3507 

350 

2N3868 

355 

2N2920 

356  • 

1N4955 

356 

1N4954 

356 

1N4956 

356 

1N4957 

356 

1N4958 

356 

1N4960 

356 

1N4962 

356 

1N4964 

356 

1N4967 

356 

1N4969 

356 

1N4971 

356 

1N4972 

356 

1N4974 

356 

1N4976 

356 

1N4979 

357 

2N3635 

357 

2N3636 

357 

2N3637 

358 

1N3323B 

359 

1N4942 

359 

1N4944 

359 

1N4946 

359 

1N4948 

365 

1N4385 

366 

2N3498 

366 

2N3500 

366 

2N3501 

368 

2N3439 

368 

2N3440 

371 

2N3902 

371 

2N5157 

374 

2N3997 

375 

2N3821 

375 

2N3822 

375 

2N3823 

376 

2N2484 

379 

2N3791 

382 

2N2946A 

383 

1N5139A 

383 

1N5140A 

383 

1N5144A 

383 

1N5148A 

384 

2N3584 

384 

2N3585 

385 

2N4856 

385 

2N4858 

PNP  LOU  POWER  TRANSISTOR 

PNP  LOW  POWER  TRANSISTOR 

PNP  LOW  POWER  TRANSISTOR 

JFET  P-CHANNEL 

JFET  P-CHANNEL 

VOLTAGE  REGULATOR  DIODE 

NPN  RF  TRANSISTOR 

NPN  LOW  POWER  TRANSISTOR 

FAST  RECOVERY  RECTIFIER 

NPN  LOW  POWER  TRANSISTOR 

NPN  CHOPPER  TRANSISTOR-DUAL  EMITTER 

NPN  CHOPPER  TRANSISTOR-DUAL  EMITTER 

NPN  LOW  POWER  TRANSISTOR 

POINT  CONTACT  DIODE 

PNP  LOW  POWER  TRANSISTOR 

PNP  LOW  POWER  TRANSISTOR 

COMPLEMENTARY  PNP  TRANSISTOR 

COMPLEMENTARY  PNP  TRANSISTOR 

SWITCHING  DIODE 

NPN  RF  TRANSISTOR 

NPN  RF  TRANSISTOR 

NPN  RF  TRANSISTOR 

NPN  HIGH  POWER  TRANSISTOR 

PNP  LOW  POWER  TRANSISTOR 

NPN  LOW  POWER  TRANSISTOR 

PNP  LOW  POWER  TRANSISTOR 

DIFFERENTIAL  AMPLI F I ER-NPN 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

PNP  LOW  POWER  TRANSISTOR 

PNP  LOW  POWER  TRANSISTOR 

PNP  LOW  POWER  TRANSISTOR 

VOLTAGE  REGULATOR  DIODE 

FAST  RECOVERY  RECTIFIER 

FAST  RECOVERY  RECTIFIER 

FAST  RECOVERY  RECTIFIER 

FAST  RECOVERY  RECTIFIER 

POWER  RECTIFIER 

NPN  LOW  POWER  TRANSISTOR 

NPN  LOW  POWER  TRANSISTOR 

NrN  LOW  POWER  TRANSISTOR 

NPN  LOW  POWER  TRANSISTOR 

NPN  LOW  POWER  TRANSISTOR 

NPN  HIGH  POWER  TRANSISTOR 

NPN  HIGH  POWER  TRANSISTOR 

NPN  HIGH  POWER  TRANSISTOR 

MOSFET  (IGFET)  N-CHANNEL 

MOSFET  (IGFET)  N-CHANNEL 

MOSFET  (IGFET)  N-CHANNEL 

NPN  LOW  POWER  TRANSISTOR 

PNP  HIGH  POWER  TRANSISTOR 

PNP  CHOPPER  TRANSISTOR 

VARIABLE  CAPACITANCE  DIODE  (VARACTOR) 

VARIABLE  CAPACITANCE  DIODE  (VARACTOR) 

VARIABLE  CAPACITANCE  DIODE  (VARACTOR) 

VARIABLE  CAPACITANCE  DIODE  (VARACTOR) 

NPN  HIGH  POWER  TRANSISTOR 

NPN  HIGH  POWER  TRANSISTOR 

MOSFET  (IGFET)  N-CHANNEL 

MOSFET  (IGFET)  N-CHANNEL 


3 

3 

3 

2 

1 
N 

2 
2 
3 

2-3 

3 


2 

1 
3 

2 
J 
J 
2 
N 
N 
2 
3 
N 
N 
N 
3 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
N 
3 
N 

3 

N 

N 

N 

N 

N 

N 

3 

3 

3 

3 

3 

N 

N 

2-3 

2-3 

3 

2 

3 

N 

3 


3 

3 

N 

N 

N 

3 

3 
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MIL-S-19500  BASE  PART  NUMBER 


DEVICE  DESCRIPTION 


CLASS 


388 

391 

391 

392 

394 

395 

395 

396 

396 

397 

398 

398 

399 
402 
406 
406 
406 
406 
406 

406 

407 

408 
408 
411 
411 
411 
411 

413 

414 

419 

420 
420 
420 
424 
424 
424 

426 

427 
427 

427 
42/ 

428 

429 
429 
429 
429 

433 

434 
434 

434 

435 
435 
435 
435 
435 
435 
435 
435 
435 
435 
435 
435 
435 
435 
435 
435 
435 
435 
435 
435 
435 
435 
435 


2N4948 

2N3019 

2N3700 

2N3486A 

2N4150 

2N3/35 

2N3737 

2N3/63 

2N3765 

2N4931 

2N3866 

2N3866A 

2N3960 

2N3739 

1N4465 

1N4467 

1N4469 

1N4471 

1N4474 

1N4476 

2N3055 

2N3715 

2N3716 

1N5416 

1N5417 

1N5418 

1N5420 

2N3772 

2N5241 

2N3030 

1N5550 

1N5552 

1N5554 

1N5187 

1N5188 

1N5190 

2N4957 

1N5614 

1N5616 

1N5618 

1N5622 

2N4416A 

IN5615 

1N5617 

1N5619 

1N5623 

2N5745 

1N5555 

1N5556 

1N5558 

1N4099 

1N4100 

1N4101 

1N4103 

1N4112 

1N4114 

1N4116 

IN4120 

1N4121 

1N4123 

1N4124 

1N4125 

1N4126 

1N4127 

1N4129 

1N4130 

1N4131 

1N4132 

1N4134 

1N4614 

1N4624 

1N4625 

1N4626 


UNIJUNCTION  TRANSISTOR 

nPN  LOW  POWER  TRANSISTOR 

NPN  LOW  POWER  TRANSISTOR 

PNP  LOW  POWER  TRANSISTOR 

NPN  LOW  POWER  TRANSISTOR 

NPN  LOW  POWER  TRANSISTOR 

NPN  LOW  POWER  TRANSISTOR 

PNP  LOW  POWER  TRANSISTOR 

PNP  LOW  POWER  TRANSISTOR 

PNP  LOW  POWER  TRANSISTOR 

NPN  RF  TRANSISTOR 

NPN  RF  TRANSISTOR 

NPN  LOW  POWER  TRANSISTOR 

NPN  HIGH  POWER  TRANSISTOR 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

NPN  HIGH  POWER  TRANSISTOR 

NPN  HIGH  POWER  TRANSISTOR 

NPN  HIGH  POWER  TRANSISTOR 

FAST  RECOVERY  RECTIFIER 

FAST  RECOVERY  RECTIFIER 

FAST  RECOVERY  RECTIFIER 

FAST  RECOVERY  RECTIFIER 

NPN  HIGH  POWER  TRANSISTOR 

NPN  HIGH  POWER  TRANSISTOR 

TRIODE,  POWER,  REVERSE  BLOCKING  (SCR) 

POWER  RECTIFIER 

POWER  RECTIFIER 

POWER  RECTIFIER 

FAST  RECOVERY  RECTIFIER 

FAST  RECOVERY  RECTIFIER 

FAST  RECOVERY  RECTIFIER 

PNP  LOW  POWER  TRANSISTOR 

POWER  RECTIFIER 

POWER  RECTIFIER 

POWER  RECTIFIER 

POWER  RECTIFIER 

MOSFET  ( IGFET )  N-CHANNEL 

FAST  RECOVERY  RECTIFIER 

FAST  RECOVERY  RECTIFIER 

FAST  RECOVERY  RECTIFIER 

FAST  RECOVERY  RECTIFIER 

PNP  HIGH  POWER  TRANSISTOR 

TRANSIENT  SUPPRESSOR  DIODE 

TRANSIENT  SUPPRESSOR  DIODE 

TRANSIENT  SUPPRESSOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTACE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 

VOLTAGE  REGULATOR  DIODE 


2 

3 

3-N 

3 

2 

3 

3 

3 

3 

3 

N 

3 

2 

N 

N 

N 

N 

N 
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N 

N 

n 

3 

N 

3 

N 

3 

3 

N 

3 

N 

N 

N 

N 

2 

N 

3 

N 

3-N 

3 

3 

N 

N 

N 

N 

N 

N 

N 

3 

3 
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3 

3 
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3 
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3 
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3 

3 

3 

3 

3 

3 

N 

N 
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NIL'S- moo  BASE  PART  HUMBER 


DEVICE  DESCRIPTION 


*35 

1N4627 

*36 

1NS463B 

436 

1N5467B 

*36 

1N5476B 

*37 

1NS523B 

439 

2N5038 

4*1 

2N3741 

4*4 

1N5711 

4*5 

1N5712 

**S 

2N4A05 

*53 

2N5109 

45* 

2N5663 

*56 

2N5302 

*61 

2N6212 

*63 

1N5287 

*63 

1N5285 

*63 

1N5291 

476 

2N511* 

*85 

2N5415 

*85 

2N5416 

501 

2H6052 

502 

2N6059 

512 

2N4033 

54* 

2N5154 

552 

1N6A71 

VOLTAGE  REGULATOR  DIODE 
VARIABLE  CAPACXTAHCE  DIODE 
VARIABLE  CAPACITANCE  DIODE 
VARIARLB  CAPACITANCE  DIODE 
VOLTAGE  REGULATOR  DIODE 
HFN  HIGH  POWER  TRANSISTOR 
PNP  HIGH  POWER  TRANSISTOR 


(VARACTOR) 

(VARACTOR) 

(VARACTOR) 


SWITCHING  DIODE 
PNP  LOW  POWER  TRANSISTOR 
NPN  RP  TRANSISTOR 
NPN  HIGH  POWER  TRANSISTOR 
HFN  HIGH  POWER  TRANSISTOR 
PNP  HIGH  POWER  TRANSISTOR 
CURRENT  REGULATOR  DIODE 
CURRENT  REGULATOR  DIODE 
CURRENT  REGULATOR  DIODE 


JPET  P -CHANNEL 
PNP  LOW  POWER  TRANSISTOR 
PNP  LOW  POWER  TRANSISTOR 
PNP  DARLINGTON  TRANSISTOR 
NPN  DARLINGTON  TRANSISTOR 
PNP  LOW  POWER  TRANSISTOR 
HPN  LOW  POWER  TRANSISTOR 
TRANSIENT  SUPPRESSOR  DIODE 


) 

i 
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SECTION  4 
DATA  SOURCES 

The  following  section  contains  brief  descriptions  of  the  various 
data  sources.  They  are  presented  in  order  of  the  source  code  which  is 
found  in  field  No.  3  in  the  detailed  data  of  Section  2.  Note  that  there 
may  be  a  series  of  source  codes  associated  with  one  data  source  if 
different  test  methods  were  used  in  that  source. 

001  Three  Fairchild  2102LI  ICs  were  tested  using  the  standard 

human  body  model.  The  voltage  was  applied  to  each  input  with 
the  positive  voltage  on  the  input  and  the  minus  on  Vss  or  Vqd* 
Pulsing  started  at  200  volts  and  incremented  in  100-volt  steps 
until  failure.  Three  pulses  were  given  at  each  voltage.  Out 
of  a  total  of  39  inputs  tested,  7  were  damaged  at  300  volts, 
22  at  400  volts,  9  at  500  volts  and  1  at  600  volts. 

002  Type  6514  Static  RAMS  from  RCA  and  Monolithic  Memories  were 

the  devices  tested.  The  inputs  were  step-stressed  until 
failure  in  both  polarities.  A  positive  potential  at  the  input 
was  found  to  be  the  more  destructive  condition. 

003  Devices  of  various  technologies  were  stressed  using  a  100  pF 

and  0  ohm  model.  The  inputs  were  step-stressed  with  one 
supply  lead  grounded.  The  voltage  was  increased  in  100-volt 
steps  until  failure. 


004 


MOS,  STTL,  and  TTL  devices  were  stressed  using  125  pF 
capacitor  and  0  resistance.  The  inputs  were  stressed  with  no 


•d) 

other  pins  grounded  (i.e.,  floating  device  model).  In  this 
situation,  it  is  the  capacitance  of  the  device  itself  which 
allows  energy  to  be  dissipated  causing  device  damage  (see 
discussion  on  floating  device  model  in  Testing  Techniques  and 
Models,  Section  1). 

A  sampling  of  multiplying  digital  to  analog  converters  from  6 
different  manufacturers  were  tested.  Step-stress  comparative 
testing  was  done  using  the  standard  human  body  model.  A 
change  in  any  electrical  parameter  of  10*  or  more  was 
considered  a  failure.  The  following  devices  were  tested: 


Analog  Devices 

AD 

7533 

Micro  Power  Systems 

AD 

7520 

Analog  Devices 

AD 

7520 

Intersil 

AD 

7520 

Hybrid  Systems 

DAC  331 

Raytheon 

AD 

7521 

National 

AD 

7521 

Various  CMOS  devices  were  tested  using  the  standard  human  body 
model.  A  sample  of  four  devices  were  step-stressed  on  a 
different  pin  combination  for  every  voltage.  The  pin 
combinations  used  were: 

ill  ill 

Vqq  Input 

Input  V$$ 

Input  Associated  Output 

Associated  Output  Input 


006  (Cont'd) 

The  voltage  stepping  increments  were  200  volts  starting  at  400 
volts.  An  out-of-spec  current  leakage  was  used  as  the  failure 
criterion. 

007-013  Various  CMOS  devices  from  two  different  manufacturers  were 
tested  in  accordance  with  the  applicable  MIL-M-38510  slash 
sheet.  This  requires  the  device  to  withstand  a  stressing 
voltage  of  400  volts.  To  obtain  comparative  data  on  the 
devices,  a  sample  of  5  devices  were  also  tested  at  200  ,  400, 
and  600  volts  with  each  device  subjected  to  only  one  voltage. 

014-025  (Published  paper.  Ref.  10) 

Various  technologies  (CMOS,  TTL,  STTL,  LSTTL,  ECL, 
transistors,  diodes)  were  tested  to  determine  the  relative 
failure  voltages.  Each  technology  was  tested  using  the  human 
body  model  with  various  resistances  and  capacitances  (100  to 
10K  ohm  and  100  to  500  pF,  respectively).  Specific  part 
numbers  are  not  known. 

026  These  tests  were  performed  with  an  "in-house"-built  VZAP 
tester  utilizing  a  200  pF  capacitor  and  a  100  ohm  resistor. 
Average  failure  voltages  for  a  sampling  of  4  devices  was  given 
using  step-stressing. 

027  Tests  were  conducted  on  various  bipolar  devices  both  digital 
and  linear  using  an  Electro-tech  Systems  900  ESD  tester  (100 
pF,  1500  ohm).  A  sample  of  15  of  each  device  type  was  tested 


027  (Cont'd) 

at  1000  volts.  The  failure  criterion  was  an  out-of-spec  0C 
parameter. 


(Published  paper.  Ref.  8) 

Various  semiconductor  devices  were  step-stressed  with  a 
circuit  similar  to  the  MIL-M-38510  slash  sheet  spec  (117  pF, 
1500  ohm).  Step  voltages  of  250,  500,  1000,  1500  and  2500 
volts  were  used  with  30  pulses  applied  at  each  voltage.  A  DC 
parameter  change  of  10%  or  more  was  used  as  the  failure 
criterion.  Devices  were  also  stressed  at  75%  of  the  threshold 
and  then  burned  in  to  detect  possible  ESD-induced  latent 
failures  (the  75%  pulsing  data  is  not  included  in  the  detailed 
data  section  of  this  book). 


(Published  report.  Ref.  11) 

The  data  in  the  detailed  data  section  under  the  029  source 
code  was  theoretically  derived  from  data  contained  in  the 
SUPERSAP2  database,  which  contains  parametric  data  on  many 
electronic  devices  including  diodes,  transistors,  and 
microcircuits.  The  parameters  are  derived  theoretically  and 
empirically  from  EMP  test  data. 


This  document  contains  worst-case  failure  voltages  for  many 
different  microcircuits,  diodes  and  transistors  referenced  to 
the  100  pF,  1500  ohm  human  body  model.  Details  of  the  test 
procedure  were  not  known. 


031-047  This  document  contains  a  study  to  evaluate  various  NMOS  and 
CMOS  devices  from  various  manufacturers  for  their  ESO  sus¬ 
ceptibility.  Various  resistances  and  capacitances  were  used 
in  the  discharge  circuit.  Devices  which  were  step-stressed 
{source  codes  042-045)  were  stepped  from  400  volts  in  100-volt 
increments.  Multiple  pulsing  was  also  carried  out.  For 
devices  that  were  step-stressed  (source  code  045)  four  pulses 
were  applied  at  each  voltage.  Multiple  pulsing  was  also 
carried  out  at  discrete  voltages  of  1000  volts  (source  code 
046)  or  500  volts  (source  code  047)  until  failure  occurred. 
One  input  of  the  devices  was  stressed  to  V$$,  Vpp  or  Vqo  in 
both  polarities. 

048  (Published  paper,  Ref.  15) 

In  this  paper,  several  bipolar  transistors,  diodes,  and  JFETs 
were  stressed  with  a  218  pF,  100  ohm  discharge  model.  All 
devices  were  step-stressed  with  the  stressing  voltage 
increasing  by  20%  with  every  pulse.  The  starting  voltage  for 
MOS  devices  was  16  volts  and  for  all  others  70  volts.  The 
maximum  stressing  voltage  was  3000  volts. 

049-060  ESD  susceptibility  testing  was  conducted  on  various 
transistors  and  ICs.  Comparative  data  is  given  on  the  741  op 
amp  from  three  different  manufacturers.  Two  advanced  Schottky 
parts  were  also  tested  (the  74F00  and  74F04).  For  devices 
which  were  step-stressed  the  source  code  and  associated  step 
levels  are  as  follows: 

051  4000,  10000 

052  50,  100,  200,  300,  400,  500,  600 

053  500,  1000,  1500 

054  1000,  2000 
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061-066  Tests  were  carried  out  on  the  following  NMOS  16K  dynamic  RAMs: 


TI 

4116 

NEC 

416 

Mostek 

4116 

Intel 

(Part  number  not  reported) 

The  source  codes  and  associated  voltage  step  levels  for 
devices  which  were  step-stressed  are  as  follows: 

061  500,  1000 

063  200,  400,  600,  800,  1000 

Two  different  resistances  were  used  and  multiple  pulse  testing 
was  conducted. 


067-070  This  document  presents  data  on  an  STTL  device  (74S00)  and  a 
TTL  device  (7437).  The  voltages  given  are  those  required  to 
cause  30%  of  the  devices  to  fail.  The  inputs  of  the  devices 
were  tested  using  four  different  capacitances  and  no 
resistance.  Findings  indicate  that,  on  the  average,  the 
energy  required  to  cause  failure  in  the  Schottky  device  is  25% 
that  of  the  standard  TTL  device. 


071-073  Resistance  networks  were  tested  for  resistance  change  after 
stressing  a  sample  of  devices  at  either  170,  2000  or  15,000 
volts  using  the  standard  human  body  model.  A  change  in 
resistance  of  2%  was  used  as  the  failure  criterion.  Various 
resistance  values  were  stressed  with  up  to  10  pulses  or  until 
failure. 


303 


074-086  RNC  50  type  0.1*  resistors  in  various  resistance  values  were 
tested  for  their  ESD  susceptibility.  Devices  were  stressed 
with  a  200  pF,  1000  ohm  human  body  model  (except  for  devices 
with  source  code  074  and  083  which  used  no  resistance  in  the 
test  circuit).  For  devices  which  were  step-stressed,  the 
source  code  and  associated  stressing  voltages  are  as  follows: 

074  50,  100,  200 

075  300,  400,  500,  600,  700,  800,  900,  1000 

076  1000,  1500,  2000 

077  500,  800,  1000,  1200,  1500,  2000,  2500 

078  500,  1000 

079  500,  1000,  1500,  2000 

080  500,  1000,  1500 

081  2000,  3000,  4000,  5000 

083  500,  1000,  1500,  2000,  2500,  3000 

084  500,  1000,  1500,  2000,  2500,  3000, 

3500,  4000 

085  100,  200,  325,  400,  500,  1100 

086  1000,  1500,  2000,  2500,  3000,  4000, 

4500,  5000,  6000,  8000,  10000,  15000 

A  change  in  resistance  of  0.1*  was  used  as  the  failure 
criterion. 

087-126  (Published  paper.  Ref.  4) 

This  report  documents  an  extensive  study  by  Hewlett  Packard  of 
the  effects  of  ESD  on  various  CMOS  devices  and  investigates 
the  possibility  of  ESD-induced  latent  failures.  The  data 
associated  with  these  source  codes  were  obtained  primarily 
from  Weibull  plots,  i.e.,  the  voltages  which  would  cause  10*. 


087-126  (Cont'd) 

50 %  and  90*  of  the  devices  to  fall  are  given  as  cumulative 
failures.  Since  the  sample  size  was  known  (25  for  each 
device),  the  approximate  number  falling  at  each  specified 
voltage  can  be  calculated  via  the  following  formula: 

1  =  *  failed  (-5-100) 

N  +  .4 

where 

1  =  number  failed 
N  =  sample  size 

Therefore,  at  the  10%  voltage  approximately  3  devices  failed, 
at  50%  10  more  devices,  and  at  90%  10  more,  with  approximately 
2  devices  passing  the  test  at  the  90%  voltage. 

Multiple  pulsing  was  also  carried  out  at  a  single  test  voltage 
(indicated  by  a  GN  under  test  type)  on  the  Motorola  14049. 
The  voltages  chosen  were  700,  900,  1100,  4500,  6000  and  7000, 
and  the  number  of  pulses  were  Incremented  until  device  failure 
(source  codes  098-103). 


127  Three  LSTTL  devices  (74LS09,  74LS175  and  74LS240)  from  various 
manufacturers  were  tested  for  their  ESD  susceptibility.  The 
Inputs  were  step-stressed  In  200-volt  Increments  starting  at 
400  volts  with  one  pulse  at  each  voltage.  The  procedure  was 
repeated  with  10  pulses  at  each  voltage  on  another  sampling  of 
devices.  It  was  noted  that  90%  of  the  failures  exhibited 
Input  diode  short  circuits. 
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128 


Two  low-power  Schottky  devices  (the  54LS151  from  two  different 
manufacturers  and  the  54LS153)  and  one  Schottky  TTL  device 
(54S157)  were  tested.  All  inputs  on  all  devices  were  step- 
stressed  to  failure  with  five  pulses  at  each  voltage.  The 
voltage  increments  were  100  volts  starting  at  400  volts.  The 
failure  voltage  specified  is  an  average  of  all  inputs  of  that 
device  (with  the  most  susceptible  given  in  the  Remarks 
section). 


129-139  Various  MOS  microprocessors  were  tested,  the  Mostek  3870  and 
4116,  the  NEC  D416C,  and  the  Hitachi  4716AP.  For  the  Mostek 
3870,  a  sample  of  5  devices  were  tested  at  1000  and  2000  volts 
and  4  devices  were  tested  at  3500V.  For  the  other  parts 
tested,  a  sample  of  5  were  tested  at  500,  700,  800,  1000,  and 
1500  volts  until  all  5  parts  failed. 


140  A  sample  of  40  MK3873S  was  tested  at  300  volts  with  up  to  3 

pulses,  and  the  survivor  (only  1)  was  tested  at  1000  volts. 

141-155  (Published  paper,  Ref.  17) 

This  extensive  study  evaluates  the  input  protection  on  CMOS 
devices  using  various  resistances  and  capacitances  on  the 
4001A  (source  codes  143-154). 

Also,  the  4011  from  four  different  manufacturers  was  step- 
stressed  on  twelve  different  pin  combinations.  The  failure 
voltage  is  given  for  each  manufacturer  and  each  pin 
combination. 
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V 


(Published  paper.  Ref.  18) 


Testing  was  performed  on  various  CMOS  devices,  the  4021A, 
4021B,  4081B,  4011A  and  4013A.  To  closer  approximate  typical 
resistances  seen  by  the  device  under  test  in  actual  circuit 
operation,  the  tests  were  carried  out  with  a  resistance  (20K 
to  5M  ohms)  to  ground.  The  schematic  for  the  discharge 
circuit  was  as  follows: 


The  pin  under  test  was  connected  directly  to  the  560-ohm 
resistor.  The  supply  pins  were  connected  directly  to  the  50- 
ohm  resistor  to  ground. 

For  each  pin  and  polarity  of  the  4021A,  two  devices  were 
stressed  at  500,  1000,  and  1500  volts  (source  codes  156-159). 

After  pulsing,  the  4021A  devices  were  put  on  life  test  at 
150°C  for  308  hours.  Subsequent  step-stress  testing  was 
performed  up  to  5500  volts  (4021A  data  with  source  code  160). 


The  4021B  was  step-stressed  to  4000  volts  to  compare  with  *he 
4021A  data. 


The  4081B  was  step-stressed  to  4500  volts  and  the  401 1A  and 
4013A  were  stepped  to  4000  volts. 


165  Several  CMOS  ICs  were  subjected  to  ESD  pulses  and  latch-up 

tests.  The  devices  were  stressed  at  400  volts  (in  accordance 
with  the  MIL-M-38510  slash  sheet  specification)  in  the 
following  sequence: 


Input  (-) 
Input  (+) 
Input  (+) 
Input  (-) 


VDD  (+) 

VSS  (-) 
Output  (-) 
Output  (+) 


166-169  A  40-pin  LSI  PMOS  device  was  subjected  to  discharges  of  4000, 
7000  and  10,000  volts  using  the  standard  human  body  model. 
The  device  was  stressed  in  the  following  four  pulse  sequence: 


Inputs  (-) 
Inputs  (+) 
Inputs  (+) 
Inputs  (-) 


VDD  (+) 

VSS  (-) 
Outputs  (-) 
Outputs  (+) 


The  device  had  previously  passed  testing  to  3000  volts. 


170-230  (Published  paper.  Ref.  26) 


This  report  documents  extensive  testing  on  the  74F04  and  the 


170-230  (Cont'd) 

74F175  advanced  Schottky  TTL  devices.  The  testing  was  done  in 
three  basic  parts: 

(1)  Classification  testing  in  accordance  with  DOD-STD-1686, 
Appendix  B 

(2)  Step-stress  testing 

(3)  Multiple  pulse  testing 

All  parts  of  these  tests  were  performed  with  the  standard 
human  body  model  (100  pF,  1500  ohm)  and  carried  out  by  three 
independent  test  labs. 

The  step-stress  testing  was  carried  out  in  100-volt  increments 
from  100  to  1000  volts  and  400-volt  increments  from  1000  to 
5000  volts.  One  device  was  step-stressed  on  one  pin  (by  each 
test  lab)  with  all  other  pins  tied  together  (APTT).  This  test 
was  done  in  two  conditions:  (1)  with  all  pins  tied  together 
grounded  and  (2)  with  all  pins  tied  together  floating  (this 
condition  is  noted  as  such  in  Remarks).  See  Section  1  for  a 
discussion  on  floating  device  model. 

Multiple  pulse  testing  was  also  done  in  the  two  conditions 
mentioned  above  where  a  device  was  stressed  at  only  one 
voltage  by  applying  numerous  pulses  until  failure.  The 
devices  were  checked  after  10,  30,  100,  and  300  pulses. 


231  A  custom  LSI  phone  converter  IC  was  tested  for  its  ESO 

susceptibility.  The  inputs  of  the  device  were  tested  by 
bringing  a  probe  1.5  feet  long  up  to  the  pin  for  discharge. 
No  resistance  was  used  in  the  circuit. 
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232 


(Published  paper.  Ref.  34) 


This  document  contains  the  damage  constant  (Kj)  and  breakdown 
voltage  Vq  for  many  diodes  and  transistors.  The  Wunsch  model 
was  used  (P  =  Kt-*5)  and  the  failure  voltage  calculated  as  in 
source  code  029.  A  bulk  resistance  of  30  ohm  was  assumed  for 
the  calculations. 

233  (see  source  codes  156-164) 

234-243  (Published  paper.  Ref.  19) 

TTL  devices  74H106,  74163,  74LS163,  and  74173  were  tested  for 
their  ESO  susceptibility.  The  inputs  of  the  devices  were 
step-stressed  with  various  capacitances  (and  no  series 
resistance).  The  stepping  increments  were  100  volts  starting 
at  100  volts.  The  charged  capacitor  was  touched  to  the  input 
of  the  device  so  that  an  arc  discharge  occurred.  A  curve 
tracer  was  used  to  detect  failure. 

244-245  (Published  report,  Ref.  20) 

This  document  contains  two  kinds  of  test  data:  (1)  ESD 

susceptibility  using  a  100  pF,  1500  ohm  model  (source  code 
244),  and  (2)  system  transient  data  using  a  0.1  uF,  100  ohm 
model  (source  code  245). 

For  the  system  transient  data,  the  failure  voltage  given  is  an 
average  of  fifteen  devices. 


244-245  (Cont'd) 

For  the  ESO  susceptibility  data,  the  devices  were  step- 
stressed  to  a  maximum  of  1000  volts.  For  the  system  transient 
data,  the  devices  were  step-stressed  to  a  maximum  of  300 
volts. 


246-379  (Published  paper.  Ref.  13) 

This  report  documents  an  extensive  program  undertaken  by 
Westinghouse  to  study  ESD- induced  latent  failures  of  various 
types  of  semiconductor  devices.  The  study  was  conducted  in 
two  parts:  (1)  Latent  Failure  Study  I,  which  studied  the 
2N4416,  3N170,  1N5711,  CD4001A,  5404  and  the  54S04,  and  (2) 
Latent  Failure  Study  II,  which  studied  in  more  detail  the 
3N128  and  the  54L04.  Both  studies  provided  very  detailed  ESD 
susceptibility  data  on  the  parts,  giving  both  single  pulse  and 
multiple  pulse  data.  All  testing  was  done  with  the  standard 
human  body  model  (100  pF,  1500  ohm). 


380-382  (Published  paper.  Ref.  21) 

This  paper  documents  a  study  in  which  16K  NMOS  EPROMs 
manufactured  in  both  the  United  States  and  Japan  were  tested 
for  their  ESD  susceptibility  to  various  discharge  models.  Two 
human  body  models  were  used,  the  100  pF,  1500  ohm  model  and  a 
200  pF,  0  ohm  model.  For  each  of  the  human  body  models  used, 
a  separate  device  from  each  vendor  was  step-stressed  from  200 
to  3000  volts  in  twelve  steps.  10,  5,  and  1  pulses  were 
applied  to  eac'h  pin  in  both  polarities. 
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380-382  (Cont'd) 

Also,  testing  was  done  on  the  parts  using  the  charged  device 
model  (see  Section  1  for  a  discussion  of  the  charged  device 
model).  The  devices  tested  using  this  model  are  noted  in  the 
Remarks  section.  The  generic  part  numbers  of  these  devices 
were  not  reported. 

383  (Published  paper.  Ref.  22) 

Various  ICs  of  several  technologies  were  tested  using  a  square 
wave  step-stress  test  (EMP  test)  at  pulse  widths  of  100  ns,  1 
us,  and  10  us.  From  these  tests,  the  damage  constants  Kj  and 
K2  and  the  breakdown  voltage  Vd  and  bulk  resistance  Rg  were 
calculated.  Knowing  these  parameters,  a  theoretical  ESD 
failure  voltage  was  calculated  (see  Section  1,  Data  Conversion 
Methods,  for  the  algorithm). 

384-385  (Published  paper.  Ref.  35) 

Various  ICs  of  several  technologies  (LSTTL,  TTL,  STTL,  CMOS  (B 
series),  CMOS  LSI,  NMOS)  were  step-stressed  using  a  200  pF, 
1000  ohm  human  body  model.  Steps  were  in  increments  of  100 
volts  from  100  to  5500  volts  until  failure.  One  pulse  per  pin 
was  applied  at  each  voltage. 

386  (Published  report.  Ref.  23) 

Various  LEOs  were  tested  with  various  pulse  widths  ranging 
from  a  few  hundred  nanoseconds  to  100  us.  The  damage  con¬ 
stants  were  calculated  and  converted  to  an  ESD  level  (via  the 
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386  (Cont'd) 

algorithm  given  In  Section  1).  A  degraded  light  output  was 
observed  to  be  the  most  sensitive  parameter  and  was  used  as 
the  failure  criterion  along  with  a  change  in  the  I-V 
characteristics.  This  study  was  based  on  work  outlined  in 
Ref.  24. 


“'s^wap-!' 
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APPENDIX  A 

Derivation  of  Data  Conversion  Formulae 


DERIVATION  OF  DATA  CONVERSION  FORMULAE 


The  derivation  of  two  data  conversion  methodologies  are  presented 

here: 

Part  I  Conversion  of  failure  voltages  using  a  nonstandard  human 
body  model  to  a  theoretical  failure  voltage  consistent  with  the 
standard  model  (100  pF,  1500  ohm). 

This  is  only  used  for  calculating  a  failure  voltage  consistent  with 
the  100  pF,  1500  ohm  model  so  that  a  classification  could  be 
arrived  at  in  accordance  with  DOD-STD-1686  and  DOD-HDBK-263. 


Part  II  Conversion  of  emperical  EMP  overstress  data  to  a 
theoretical  ESD  failure  voltage. 


Part  I:  Derivation  of  Nonstandard  Human  Body  Model  Test  Data 
Conversion  Formula 


Since  there  is  much  data  on  parts  using  a  discharge  model  other 
than  the  standard  100  pF,  1500  ohm,  there  must  be  a  method  to  convert 
the  failure  voltage  to  a  level  consistent  with  the  100  pF,  1500  ohm 
model  for  classification  purposes.  One  way  this  can  be  accomplished  is 
via  a  method  similar  to  the  EMP-to-ESD  conversion  method.  However,  for 
this  method  to  work,  one  must  know  certain  parameters  of  the  device, 
nameTy  the  bulk  resistance  and  breakdown  voltage.  Unfortunately,  these 
parameters  are  seldom  available,  especially  given  the  fact  that  for  ICs 
the  failure  site  is  often  not  known. 


A  more  direct  conversion  technique  was  therefore  needed  which  could 
be  used  to  convert  data  without  knowing  these  parameters  of  the  device. 
Since  the  failure  voltage  of  a  device  (the  voltage  on  the  capacitor)  is 
proportional  to  the  series  resistance  in  the  stressing  circuits  and 


inversely  proportional  to  the  capacitance  in  the  circuit,  the  failure 
voltage,  resistance,  and  capacitance  can  be  approximately  related  as 
follows: 

Here  A  is  a  constant  dependent  on  the  device  parameters.  Therefore, 
the  ratio  of  failure  voltages  for  two  different  RC  models  is  in  the 
general  form: 


where: 

V2  =  observed  failure  voltage  using  C2  and  R2 

Cz  =  capacitance  used  in  nonstandard  model  (in  pF) 

R2  =  resistance  used  in  nonstandard  model 
Vj  =  converted  failure  voltage 

Ci  =  capacitance  of  model  failure  voltage  is  to  be  converted  to 
(in  pF) 

Rl  =  resistance  of  model  failure  voltage  is  to  be  converted  to 

Therefore,  when  using  100  pF  and  1500  ohm  for  Cj  and  Rj  respectively, 
the  following  conversion  equation  is  obtained: 

Vx  =  V2  (3.87) 

The  relationship  of  V,  C,  and  R  was  obtained  through  empirical 
methods  (regression  analysis)  by  reviewing  data  in  which  a  device  was 


tested  with  different  R  C  models  and  threshold  voltages  were  obtained 
for  each  model  (Ref.  10,  14,  16,  17,  19,  25). 

It  must  also  be  stressed  that  this  relationship  of  V,  C  and  R 
indicates  an  energy-dependent  failure  mechanism.  This  may  not  be  an 
adequate  assumption,  especially  for  MOS  devices  where  the  failure 
mechanism  may  be  voltage-dependent  by  nature  (i.e.,  dielectric 
breakdown)  but  the  actual  failure  mechanism  is  not  known.  For  example, 
if  a  MOS  device  was  tested  with  a  capacitance  greater  than  100  pF  and/or 
resistance  lower  than  1500  ohms  the  failure  voltage  obtained  with  the 
nonstandard  values  of  R  and  C  may  give  a  good  indication  of  the  lower 
bound  of  the  failure  voltage;  that  is,  the  failure  voltage  may  be 
greater  than  or  equal  to  the  observed  failure  rate  if  the  standard  human 
body  model  was  used. 

This  method  is  necessarily  approximate  and  was  used  in  the 
classification  of  devices  only  if  data  using  the  standard  human  body 
model  was  not  available. 

Part  II:  Derivation  of  EMP-to-ESD  Conversion  Formula 

By  knowing  certain  parameters  of  a  device,  a  theoretical  ESD 
failure  voltage  can  be  calculated.  The  parameters  needed  for  conversion 
of  EMP  overstress  failure  to  a  theoretical  ESD  failure  voltage  are: 

R0  *  Bulk  resistance  of  the  device 

Vo  *  Breakdown  voltage  of  device 

Kj  *  Failure  constant  1 

K2  *  Failure  constant  2 

The  basic  equation  used  for  this  conversion  is: 

PAV  *  Ki  t  _K2 


324 


where: 


*  e 

i  $ 


PAV  =  average  power  required  for  failure 
t  =  pulse  width 

i  =  I  (time  dependent  current) 
p  =  Vp  i  +  Rgi 2  (time  dependent  power) 

p  *  Vglp  e  y  +  RBIp2  e| 


Integrating  and  averaging  the  power  over  5  time  constants  yields: 

5t  .  t  5t  2t 

p*v  ■  sr/  Vp«  'dtts-/ 


-5  in 

4^  (1  -  e  5)  +  -U-  (1  -  e'10) 


(e~5  and  e_10  «  1) 


therefore: 


VI  r  i  c 
VDJP  .  tTP 
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V  T  R  T  c 

-K?  .  D  P  .  BaP 
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using  the  quadratic  equation  solution  to  solve  for  Ip: 


-2Vd  +V4  Vp  +  40  RB  (KjfKZ) 


IP  *  TTH^ 

V  a  Ip  (R  +  Rs)  +  V0 


(general  equation  for  Ip) 

(V  *  voltage  on  capacitor) 

(R  *  source  resistance  of  model) 


I 

4 

I 

i  Assuming  t  *  5t  -  5RC  -  7.675  x  10“?  for  conversion  to  voltage  level 

<  consistent  with  a  100  pF,  1500  ohm  model  and  a  nominal  value  of  30  ohms 


i 

I 


J 

I 


APPENDIX  B 

MIL-M-38510  Detail  Specifications 
Minimum  VZAP  Requirements 


MIL-M-38510  Detail  Specifications  Minimum  Specified  VZAP  Requirements 


The  following  listing  is  a  tabulation  of  MOS  devices  for  which  a 
minimum  VZAP  voltage  level  exists  on  their  associated  MIL-M-38510  slash 
sheets.  The  generic  part  number,  associated  MIL-M-38510  number,  and 
VZAP  requirement  are  given  in  the  following  order  of  device  type: 

Digital  -  CMOS 

Analog  Switch  -  CMOS 

Analog  Multiplexer/Demultiplexer  -  CMOS 

Multiplying  0/A  Converter  -  CMOS 

RAM  -  Digital,  NMOS,  Static,  4K 

RAM  -  Digital,  NMOS,  Dynamic,  4K 

RAM  -  Digital,  NMOS,  Dynamic,  16K 

RAM  -  Digital,  NMOS,  Dynamic,  64K 

RAM  -  Digital,  CMOS,  Static,  4K 

RAM  -  Digital,  CMOS,  Static  IK 

EPROM  -  Digital,  CMOS,  4K 

EPROM  -  Digital,  NMOS,  8K 

EPROM  -  Digital,  NMOS,  16K 

EPROM  -  Digital,  NMOS,  32K 

Microprocessor  -  NMOS 

Microprocessor  Support  Chips  -  NMOS 

Microprocessor  -  CMOS 

Microprocessor  Support  Chips  -  CMOS 

Unless  otherwise  specified,  all  voltage  requirements  are  referenced 
to  the  100  pF,  1500  ohm  human  body  model. 
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MIL-M-38510  Minimum  Specified  V^/\p  Requirement 


MIL-M-38510/ 

Minimum 

Specified 

VZAP 

Digital  -  CMOS 

4000A 

05201 

400V 

4000B 

05251 

400V 

4001A 

05202 

400V 

4001 B 

05252 

400V 

4002A 

05203 

400V 

4002B 

05253 

400V 

4006A 

05701 

400V 

4006B 

05751 

400V 

4007A 

05301 

400V 

4008A 

05401 

400V 

4008B 

05451 

400V 

4009A 

05501 

400V 

4010A 

05502 

400V 

4011A 

05001 

400V 

4011B 

05051 

400V 

4012A 

05002 

400V 

4012B 

05052 

400V 

4013A 

05101 

400V 

4013B 

05151 

400V 

4014A 

05702 

400V 

4014B 

05752 

400V 

4015A 

05703 

400V 

4015B 

05753 

400V 

4016A 

05801 

400 V 

4016B 

05851 

400V 

4017A 

05601 

400V 

MIL-M-38510  Minimum  Specified  Vz, 


AP  Requirement  (Cont'd) 


MIL-M-38510/ 

Minimum 

Specified 

VZAP 

Digital  -  CMOS 

4018A 

05602 

400V 

4019A 

05302 

400V 

4020A 

05603 

400V 

4021A 

05704 

400V 

4021B 

05754 

400V 

4022A 

05604 

400V 

4023A 

05003 

400V 

4023B 

05053 

400V 

4024A 

05605 

400V 

4025A 

05204 

400V 

4025B 

05254 

400V 

4027A 

05102 

400V 

402  7B 

05152 

400V 

4028A 

05901 

400V 

4028B 

05951 

400V 

4030A 

05303 

400V 

4031A 

05705 

400V 

4031B 

05755 

400V 

4034A 

05706 

400V 

4034B 

05756 

400V 

4041A 

05505 

400V 

4043A 

05103 

400V 

4043B 

05153 

400V 

4048A 

05304 

400V 

4049A 

05503 

400V 

4050A 

05504 

400V 

1 


MIL-M-38510  Minimum  Specified  Requirement  (Cont'd) 


MIL-M-38510/ 

Minimum 

Specified 

VZAP 

Digital  -  CMOS 

4066A 

400V 

4066B 

05852 

400V 

406  7B 

17801 

400V 

4069UB 

17401 

400V 

4070B 

17203 

400V 

4071B 

17101 

400V 

4072B 

17102 

400 V 

4073B 

17003 

400V 

4075B 

17103 

400V 

4076B 

17501 

400V 

4077B 

17204 

400V 

4081B 

17001 

400V 

4082B 

17002 

400V 

4085B 

17201 

400V 

4086B 

17202 

400V 

4093B 

17701 

400V 

4095B 

17502 

400V 

4096B 

17503 

400V 

4097B 

17802 

400V 

4098B 

17504 

400V 

4099B 

17601 

400V 

40106B 

17702 

400V 

40107B 

17402 

400V 

40109B 

17404 

400V 

40160B 

18001 

400V 

40161B 

18002 

400V 

MI L-M— 38510  Minimum  Specified  V^AP  Requirement  (Cont'd) 


MI L-M- 38510/ 

Minimum 

Specified 

VZAP 

'  Digital  -  CMOS 

40162B 

•  ,  - 

400V 

40163B 

400V 

40174B 

17505 

400V 

40257B 

17803 

400V 

4502B 

17403 

400 V 

4508B 

17602 

400V 

4514B 

17301 

400V 

4515B 

17302 

400V 

4532B 

17303 

400V 

4555B 

17304 

400V 

4556B 

17305 

400V 

Analog  Switch  -  CMOS 

DG300 

11601 

400V 

DG301 

11602 

400V 

DG302 

11603 

400V 

DG303 

11604 

400V 

DG304 

11605 

400V 

0G305 

11606 

400V 

DG306 

11607 

400V 

DG307 

11608 

400V 

200* 

12301 

400 V 

201* 

12302 

400 V 

200 

12303 

400V 

201 

12304 

400V 

♦Diode  clamped  input 


MIL-M-38510  Minimum  Specified  VZap  Requirement  (Cont'd) 


Minimum 

Specified 

MIL-M-38510/  VZAp 


Analog  Multiplexers/ 

Demultiplexers  -  CP 

OS 

506,6116 

19001 

400V 

506A 

19002 

400V 

507,6216 

19003 

400V 

507A 

19004 

400V 

508A 

19005 

400V 

509A 

19006 

400V 

508,6108 

19007 

400V 

509,  6208 

19008 

400V 

Multiplying  D/A  Converter  -  CMOS 

1 

1 

7523 

12701 

400V 

7520 

12702 

400V 

7521 

12703 

400V 

7541 

12704 

400V 

1020 

12705 

400V 

1220 

12706 

400V 

1218 

12707 

400V 

RAM  -  Digital,  NMOS, 

Static,  4K 

2147 

23801 

170V 

2114 

23802 

170V 

2147H 

23803 

170V 

2114A 

23804 

170V 

MIL-M-38510  Minimum  Specified  Vz/yp  Requirement  (Cont'd) 


MIL-M-38510/ 

Minimum 

Specified 

VZAP 

RAM  -  Digital,  NMOS, 

Static,  4K  (Cont'd) 

2147H-3 

28305 

170  V 

2148H 

23806 

170V 

2148H-2 

23807 

170V 

RAM  -  Digital,  NMOS, 

Dynamic,  4K 

MK 84096 

23602,23604 

150V 

6604A 

23602,23604 

MCM6605 

23601,23603 

150V 

RAM  -  Digital,  NMOS, 

Dynamic,  16K 

2117 

24001,24002 

s  * 

150V 

4116 

24001,24002 

150V 

RAM  -  Digital,  NMOS, 

Dynamic,  64K 

MCM6665.4564 

24401 

150V 

2164,8264 

NMC4164.F64K 

24401 

150V 

MCM6665.4564, 

24402 

150V 

2164,8264 

NMC4164.F64K 

24402 

150  V 
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MIL-M- 38510  Minimum  Specified  V^AP  Requirement  (Cont'd) 


MIL-M- 38510/ 

Minimum 

Specified 

VZAP 

RAM  -  Digital,  O 

OS,  Static,  4K 

6504 

24501 

400V 

6514 

24502 

400V 

RAM  -  Digital,  CN 

OS,  Static,  IK 

6508 

23901 

400V 

6518 

23902 

400V 

54C929 

23901 

400V 

54C930 

23902 

400V 

EPROM  -  Digital, 

CMOS,  4K 

6654 

21901 

150V 

EPROM  -  Digital, 

NMOS,  8K 

2708 

22001 

150V 

EPROM  -  Digital, 

NMOS,  16K 

21716,2516 

22101 

150V 

EPROM  -  Digital, 

NMOS,  32K 

2532 

22201 

150V 
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MIL-M-38510  Minimum  Specified  V^AP  Requirement  (Cont’d) 


MIL-M- 38510/ 

Minimum 

Specified 

VZAP 

Microprocessors,  NMOS 

6800 

40001 

Remarks 

400 V 

8080A 

42001 

600V  50  pf  0  ohm 

8048 

49001 

400V 

8035L 

49002 

400V 

Z8001 

52001 

400V 

Z8002 

52002 

400V 

Z8001A 

52003 

400V 

Z8002A 

52004 

400V 

8086 

53001 

400V 

68000-6 

54001 

400V 

68000-8 

54002 

400V 

Microprocessor  Suppori 

Chips,  NMOS 

MC6821 

40101 

400V 

6810 

40201 

170V 

68A316E.S6831B, 

40301 

150V 

9218, 3516E 
2316E.MK34000, 

52116,2616 

Z80AS10.A80S10 

48101 

400V 

Z80S10 

48102 

400V 

Z80ADMA 

48201 

400V 

48202 

400V 

Z80ACTC.A80CTC 

48301 

400V 

Z80AP10 

48401 

400V 

48402 

400V 
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MIL-M-38510  Minimum  Specified  V^/\P  Requirement  (Cont'd) 


MIL-M-38510/ 

Minimum 

Specified 

VZAP 

Microprocessors  -  O 

OS 

18020 

47001 

400V 

Z80A 

48001 

400V 

Z80 

48002 

400V 

Z808 

48003 

400V 

Microprocessor  Suppc 

rt  Chips  -  CMOS 

1821 

47101 

400 V 

1822 

47102 

400V 

1832 

47201 

400V 

1852 

47301 

400V 

1853 

47401 

400V 

1856 

47601 

400V 
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ADDITIONAL  RAC  SERVICES 


Search  Services 

Retrospective  Searches  are  conducted  at  a  flat  fee  of  $125  per  search.  If  no  refer¬ 
ences  are  identified,  a  $50  service  charge  will  be  made  in  lieu  of  the  above.  For 
best  results,  please  call  or  write  for  assistance  in  formulating  your  search  question. 
An  extra  charge,  based  on  engineering  time  and  costs,  will  be  made  for  evaluating, 
extracting  or  summarizing  information  from  the  cited  references. 

Consulting  Services 

Consulting  Service  fees  are  determined  by  the  costs  incurred  in  the  conduct  of  the 
designed  work,  including  staff  time  and  overhead,  materials  and  other  expenses. 
Work  will  be  initiated  upon  receipt  of  a  signed  purchase  order.  We  will  be  pleased 
to  prepare  firm  cost  proposals. 

Full  Service  Participating  Plans 

Two  plans  are  offered  to  both  government  and  industry 

Participating  Member  (PM)...................... 

Participating  Associate  (PA) 

Services  provided  to  a  Participant  in  either  plan  are: 

o  Automatic  receipt  of  one  (1)  copy  of  each  RAC  microcircuit  and  semi- 
1  conductor  device  databook  issued  over  twelve  months  at  a  savings  of 

$70. 

o  Availability  of  additional  copies  of  each  of  the  above  databooks  at  20% 
off  list  price. 

o  Discount  on  registration  fees  for  RAC  sponsored  training  courses, 
seminars,  workshops,  etc. 

J  In  addition,  the  Participating  Member  may  access  RAC  resources  as  needed 

without  issuing  purchase  orders.  Up  to  50  man-hours  of  professional  consultation 
are  authorized. 

Blanket  Purchase  Order 

The  Blanket  Purchase  Order  option  enables  you  to  write  a  single  Purchase  Order 
for  a  stipulated  maximum  dollar  amount  (depending  on  your  needs)  and  active  time 
duration  (a  one-year  period  is  suggested),  but  you  pay  only  for  services  rendered  or 
documents  purchased. 

Military  Agencies:  Blanket  Purchase  Agreement,  DD  Form  1155,  may  be  useful  for 
ordering  RAC  reports  and/or  services.  Please  stipulate  maximum  dollar  amount 
authorized  and  cutoff  date  on  your  order.  Also  specify  services  (e.g.,  publications, 
search  services,  etc.)  to  be  provided.  Identify  vendor  as  HT  Research  Institute 
(Reliability  Analysis  Center). 

Ordering  Information 

Place  orders  or  obtain  additional  information  directly  from  the  Reliability  Analysis 
<*'.  Center.  Clearly  specify  the  publications  and  services  desired.  Except  for  blanket 
V  purchase  orders,  prepayment  is  required.  All  foreign  orders  must  be  accompanied 
..  by  *  check  drawn  on  a  U.S.  bank.  Please  make  checks  payable  to  IITRI/RAC. 
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$1,600 
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SERVICE 


SCHEDULE  AND  ORDERING  INFORMATION 


Match  19*3 


Reliability  Databonha 


() 

MDR-14 

() 

MDR-15 

() 

MDR-16 

() 

MDR-17 

() 

MDR-18 

() 

DSR-3 

() 

NPRD-2 

() 

VZAP-1 

Equipment  Data 

() 

EERD-1 

Hybrid  Circuit  Data 
Digital  Evaluation  and  Generic  Failure 

Analysis  Data  -  Vols.  I  and  n _ 

Linear/Interface  Data  Complete  Set: 
Digital  Failure  Rate  Data 
Memory/LSI  Data 
Tranaiator/Diode  Data 


TniT 

(1360  non-U. S.) 


() 


() 

() 


EEMD-1 


RDH-376 

MFAT-1 


Nonelectronic  Parts  Reliability  Data 
Electroatatic  Discharge  Suaceptibility  Data 


Electronic  Equipment  Reliability  Data 
Electronic  Equipment  Maintainability  Data 


Reliability  Design  Handbook 
Microelectronics  Failure  Analyaia  Techniquea 
Procedural  Guide 


Me*  Par  Copy 


bane  Date 

Domaetic 

Foreipi 

Mar.  1980 

860.00 

$70.00* 

Aug.  1980 

60.00 

70.00** 

Feb.  1981 

60.00 

70.00** 

Aug.  1981 

60.00 

70.00*  • 

Feb.  1982 

60.00 

70.00** 

Jan.  1980 

60.00 

70.00*  • 

Aug.  1981 

60.00 

70.00* 

Apr.  1983 

95.00 

105.00*  • 

Oct.  1980 

60.00 

70.00*  • 

Oct.  1980 

60.00 

70.00* 

Mar.  1976 

36.00 

46.00** 

July  1981 

125.00 

135.00*** 

Technical  Reliability  Studies 


() 

TRS-1 

Microcircuit  Screening  Effectiveness 

36.00 

46.00* 

() 

TRS-2 

Search  and  Retrieval  Index  to  IRPS  Proceedings- 1968  to  1978 

24.00 

34.00*  • 

() 

TRS-3A 

EOS/ESD  Technology  Abstracts 

36.00 

46.00* 

() 

SOAR-1 

ESD  Protective  Materials  and  Equipment:  A  Critical  Review 

36.00 

46.00* 

() 

SOAR-2 

Practical  Statistical  Analysis  for  the  Reliability  Engineer 

36.00 

46.00* 

Symposium  Proceedings 

() 

EOS-1 

Electrical  Overstress/Electrostatic  Discharge 

24.00 

34.00* 

1979  Sympoaium  Proceedings 

() 

EOS-2 

Electrical  Overstress/Electrostatic  Discharge 

24.00 

34.00* 

1980  Symposium  Proceedings 

( ) 

EOS-3 

Electrical  Overstress/Electrostatic  Discharge 

24.00 

34.00* 

1981  Symposium  Proceedings 

() 

EOS— 4 

Electrical  Overstress/Electrostatic  Discharge 

24.00 

34.00* 

1982  Symposium  Proceedings 

•For 

air  mail  aU| 

pment  to  points  outside  North  ad  Central  America,  add  $10.00 

per  item 

••For  air  mail  afe 

ilpment  to  points  outside  North  and  Central  America,  add  $15.00  par  item 

•••Far  air  mail  i 

diipment  to  points  outside  North  and  Central  America,  add  $35.00  par  item 

Quantity  Purchase  Discounts  -  Discounts  (on  multiple  copies  of  a  single  title  ordered  at  one  time)  are: 

Quantity 

Discount  Quantity 

Discount 

1-2 

list  10-19 

33-1/3%  off  list 

3-6 

15%  off  list  20-49 

45%  off  list 

6-9 

20%  off  list  50-99 

60%  off  list 

100  or  more 

negotiable 

ORDER  FORM 

Enclosed  find  $ 


Send  order  and  check  tot 

Reliability  AnalyaM  Center 
RADC/RAC 

Orifflm  AFR,  NT  13441 

Phone:  315/330-4151  Autovont 557-4151 


Pleaae  lend  me  the  document!  checked  above. 
Name /Title 


Organi*ation_ 
Address _ 


Clty/State_ 


_Ztp_ 


t  of  ordeas  la  mqnired.  Please  make  checks  payable  to  DTRVRAC.  Foreign  orders 
accompanied  by  check  drawn  on  a  U.S.  bank. 
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